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Document Revision Record

The Document Revision Record below contains information pertaining to approved document changes.
The table lists the date the change is issued, the Docuiamge Request (DCR) number, a short
description of the revision, and the revised sections. The document authors are listed on the cover. The
Head of the CALIPSO Data Management Team approves or disapproves the requested changes basec
on recommendations tfie Configuration Management Board.

Table 0- Document Revision Record

Issue Date

DCR
Number

Description of Revision

Section
Affected

03/13/2001

Initial draft document release for project review.

All

03/14/2003

Minor Updates to the Lidar Level 1B Da®aioduct, to include several new
parameters extracted from document DRA Rev. A. Also moved the Lida
Housekeeping Record from the Lidar Level 1B Profile Product to the Lid
Calibration Product.

Major updates to the Lidar Calibration Product basedpatifrom the latest
Lidar L1B ATBD and M. Osborneds
document.

Major Updates to the Lidar Level 2 Data Products (DP 2.1A, DP 2.1B, D
2.1C, and DP 2.1D) based on input from the CALIPSO Science Team.

Updates to the IIR Levd Data Products to reflect new specifications
provided in the latest CALIPSO Processing Requirements Document
provided by CNES.

Updates to the IIR Calibration Data Products to incorporate specific
comments received from A. Lifermann. Also removed thedeé&aeping
Record until further requirements are defined.

Updates to the IIR Level 2 Data Products based on input from A. Garnie
Updates to the WFC Level 1A and WFC Calibration Data Products base
the latest WFC ATBD and input from the CALIPSO Sciefieam. General
revisions to include: 1) Changes to the daily and monthly product sizes i
Table 1 and Table 2 due to extensive revisions to the Lidar Level 1 and
2 data products; 2) changes to the Level 0 Input Data Product Summary|
sizes based atme most recent BATC DR24 document dated Aug. 29,
2002; 3) changes to the calibration product sizes due to a change in the
interval covered (from one orbit to 24 hours); and 4) the addition of
underscores to all parameter names to be consisténtheiappearance of
the output from the CALIPSO Data Management software.

04/02/2003

Added A. Garnier to list of authors; updated date on IIR L2 Reference
Document; added blind pixel image and note to the IIR L1 Calibration
product; made extensiaanges to the L4 Flux Science Record based on
comments received from T. Charlock.

1.0, 2.10,
5.2

08/25/2004

Numerous formatting and organizational changes were made to improve
readability of the document; no DPC content changes were made.

All

08/312004

CCR
#001

Meteorological profiles were added to the Lidar Level 1B Profile Product
and units were specified for all temporal and geophysical parameters.

10,21

CCR
#002

The measurement altitudes were added to the metadata records associg
with the Lidar Level 1B Profile Products, the Lidar Level 2 Aerosol Profile

Products, and the Lidar Level 2 Cloud Profile Products.

1.0, 2.1,
25,26




DCR

Section

Issue Date Description of Revision
Number Affected
10/21/2004 CCR The following fields were removed from the Lidar Level 2 Cloud and Aer{ 2.0, 2.4
#003 LayerProducts:
1 Column_Reflectance 1064
1 Column_Reflectance Uncertainty 1064
 Column_Reflectance RMS Variation 1064
CCR The array size specified for the range resolved parameters included inth 1.0, 2.5
#004 Lidar Level 2 Aerosol Profile Products was changednfrl40 elements to
190 elements.
12/08/2004 CCR | The following revisions were made to thielar Level 2 Cloud and 1.0,2.4
#005 | Aerosol Layer Products
1 the number of the tables describing lwger products was increased,
and their structure slightigodified, in order to correctly reflect the
CALIPSO data product distribution strate@e., the layer products
will be made available as four separate files)
1 the Viewing_Zenith_Angle and Viewing_Azimuth_Angle parameters
were removed, and replaced witsiagle Off _Nadir_Angle
parameter
9 units and ranges were specified for numerous parameters
CCR The author list was updated, and several cosmetic repairs weremddeC Pgii, v
#006 content changes were made.
CCR The IIR Level 1BRadiances data product listing was updated consistent] 1.0, 2.2,
#007 changes made to the IIR Level 1 Requirements document. 2.8,5.0,
All
CCR The Wide Field Camera Level 1 Data Product was completely rewritten.| 1.0, 2.3,
#008 parameters previously reportedaather pseudeadiance or pseudo 53,54
reflectance are now being reported as, respectively, radiance and reflect
In addition, the following tables were removed:
1 1 km Registered Geolocation and Viewing Geometry
1 125 m Native Geolocation and Viewing Geometry
1 5km Packet Record
Several wide field camera raw data products were added to the Engineg
Data Products section.
CCR To make the DPC consistent with the specifications given in the SPIRS 1.0, 2.8,
#009 Output Catalog, the lIR/Lidar Tradkroduct was reorganized, and new 2.9
content added as necessary.
CCR The longitude range in the WFC Level 1A 1 km Native Science Record 2.3
#010 | changed froni9 0 Aé 9 DIA8 &t /oé 1 8 0 A..
CCR Within the Lidar Level 2 Vertical Feature MaBkoduct (VFM), (a) revisiong 1.0, 2.7
#011 | were made to the cloud types and stratospheric feature classifications
reported, and (b) the number of feature subtype QA designations was re
from 4 to 2. The latter change reduces the size of the VFM data product
appioximately half.
12/20/2004 Added updated Data flow Diagram; revised section numbering. All
01/06/2005 CCR I n section 2.3.1, the AWFC recor 1.0, 2.2,
#013 | table specifying a single WFC data product to three tapesifying three 2.8,5.0,
separate data products at different spatial resolutions. All
01/10/2005 Various formatting changes and improvements made throughout: acrony All
and symbols tables updated.
03/03/2005 CCR Remove remainingeferences to GLAS lidar ratio. Delete Table 39 and 2.5
#018 | remove references to Table 39. Rename Table 37 teeR#Btate Lidar
Ratio.
03/10/2005 CCR Amend Tables 31 and 33 (5 km Column Descriptor Record: Clouds/Aerd 2.4
#020 | to include featurdinder QC fag computed for each 5 km segment.
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DCR

Section

Issue Date Description of Revision
Number Affected
03/10/2005 CCR Amend Tables 32 and 34 (5 Knayer Descriptor Records: Clouds/Aero3ols 2.4
#021 | to include (a) the numerical result returned by the claeibsol
discrimination (CAD) algorithm, and (b) the extinction @&y computed for
each feature.
03/10/2005 CCR Amend Table 32 (5 km Layer Descriptor Records: Clouds) to include the 2.4
#022 result returned by the cirrus cloud shape parameter algorithm.
05/18/2005 CCR Amend Tables 10, 27, 29, and 31 (profil@duct and column descriptors) t¢ 2.1, 2.4
#017 include NSIDC map data.
05/18/2005 CCR Update the IGBP land cover description and legend. 4.6
#023
05/20/2005 CCR Updates to Lidar Tables 7 (remove unused calibration records), 9 (addq 2.1, 5.1-
#025 nadir angle). 5.4,
Removed Table 63 (Lidar Daytime 1064 Calibration Record) and combiry Appendix
with Table 61 (Lidar 1064 Calibration Record (nighttime and daytime). A
Renumbered all Tables from 643, to 63 83. Updated the Lidar
Calibration Product Tables (5%62) and Lidar Degplarization Gain Ratio
Record Table (63).
09/30/2005 CCR Updated the references to coordinate and time formats throughout the e All
#026 catalog.
09/30/2005 CCR Update the contents of the IIR level 1 data prodiMggor revisions included 2.2, 5.2
#027 changing Int values to Ulnt, revising parameter names, and adding
parameters. The tables revised include: Tables 67, 68, 69, 72, 73, and 7
09/30/2005 CCR Updated WFC Tables 18, 19, and 21 to add total number oégses, and 2.3,5.3
#028 day/night packets; reflectance and solar zenith minimums and maximum
(18), reordered parameters (19), added reflectance bins parameters (20
21). The summary Tables 15, 16, and 17 were updated to include chang
above. Table 77, WFC Calilifan Record, was reordered and 1 km and 17
m pixel value minimums and maximums were added. Table 75 was upd
to include changes to Table 77.
09/30/2005 CCR Changed length of Date_Time_of Production fields in Track and Swath | 2.8, 2.9
#029 products forconsistency with other time fields (Tables 47, 50). Made edit
changes to Tables 50 and 51.
09/30/2005 CCR Added Cal_Region_Top_Altitude 532 to Table 7. Added Spacecraft_Alt 2.1
#030 | to Table 8.
09/30/2005 CCR Added aerosol dataaltt udes t o fALidar Aeroso 2.5
#031 Table 36. Update the number of elements per record for all atmospheric
profile data (including altitude arrays) was changed from 190 elem/recor
199 elem/record. The numiseasf bytes per record were ugigd to match the
number of elements. Revised Tables 37 and 38.
09/30/2005 Edits Updated parameter names to match the production code. Revised Tablg 2.4, 2.7
only 27, 28, 29, 30, 31, 32, 33, 34, and 43.
09/30/2005 CCR Remove Table 64 (Liddnstrument Settings Record) and Table 65 (Lidar| 5.1, 5.2,
#032 Housekeeping Record). All table numbers in the following sections were| 5.3, 5.4
updat ed. Listed here are old tab
(Tables667 4) , Section 5. 3 # WHD,S&tkoh5.4b n
AWFC Raw Dat 83, ard Rgpéntirels(Talble381).
09/30/2005 N/A CALIOP Data Products Catalog Version 2.1, includes CCRs through #03 All
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Section

Issue Date Number Description of Revision Affected
02/22/2006 CCR |Version 2.2. All
#033 |1. Changed all N/A under the Units Tal#atries to NoUnits for all Lidar an
WEFC tables.
2. Updated Reference Publication page to include latest project
documentation numbers and titles for ATBDs.
3. Revised acronyms and symbols tables (added CAPS, DPC, and CAL
added volts).
4. Changed shots per sewbto 20.16 (from 20.26 2 places in document).
5. Updated Section 1.0 Introduction including text, Figure 1, and Tables
and 5 to add DPC reference Tables.
6. Revised the conversion from bytes to Mbytes. Old conversion equati
7. Mbytes = bytes/1000000. Meconversion equation: Mbytes =
bytes/1048576. Affects Tables6l 11,1517, 2225, 35, 39, 42, 46, 49, 52, 5]
64, 73, and 76.
8. Section 2.0 Archival Data Products:
a. AddedUTC CCSDS and TAI time parameter descriptions
b. Correcedthe description of columns the DPC Tables
c. Addedthe data file name category to data attributes (includeq
file name in every section)
9. Section 2.1 Lidar Level 1B Profiles DP 1.1:
a. Revised Tables to match the HDF files. Revised TablEs.
10. Section 2.4 Lidar Level 2 Cloud and Aeobsayer Products DP 2.1A:
a. Revised Tables to match the HDF files. Revised Tatfe28,
30, 31, 32, 33, 34.
11. Section 2.5 Lidar Level 2 Aerosol Profile Data Product DP 2.1B:
a. Revised Tables to match the HDF files. Revised T8 36,
37, and 38.
12. Section 26 Lidar Level 2 Cloud Profile Data Product DP 2.1C:
a. Revised Tables to match the HDF files. Revised Tatlled 1,
and 43.
13. Section 2.7 Lidar Level 2 Vertical Feature Mask Data Product DP 2.1
a. Revised Tables to match the HDF files. Revised Ta#le
14. Section 5.1 Lidar Calibration:
a. Revised Tables to match the HDF files. Removed parameter
Revised Table58-63.
15. Section 5.2.3 IIR Calibration Scientific Data Sets:
a. Revised Table 72 to include a comma in the Bytes column dz
02/22/2006 CCR |1. Sectbn 2.3.3 WFC Level 1 Scientific Data Sets: 2.3.3,5.3,
#034 a. Added solar and viewing azimuth and zenith angle paramete| Appendix
Table 20. A
2. Section 5.3 WFC Calibration:
a. Divided Table 75 into Table 75 and 76 for clarity of SDS
parameters. This created a new Table 76.
b. Renumbered ol@ables 76 78.
3. Appendix A
a. Renumbered Tables 79 and 80.
12/08/2006 CCR |Section 2.8IR/Lidar Track Product DP 2.2A 2.8
#035 |Updated IIR Level 2 Tables 47, 48, 50, and 51 to include editing changesg
Units and Range elements.
12/08/2006 CCR |Added UTC time to Tables 10, 13, 14, 19, 20, 21, 27, 29, 31, 33, 44,59,( 2.1, 2.2,
#036 |62, 63, 66, 67, 70, 71, 75, and 79. 2.3,2.4,
2.7,5.1,
5.2,5.3

viii




DCR

Section

Issue Date Description of Revision
Number Affected
01/17/2007 CCR |Modified Lidar Level 2 data products to include an extimetQC flags at both 2.4
#037 |532 nm and 1064 nm
01/16/2007 CCR |Added Column Reflectances to the Lidar Level 1 Data Products 2.1
#038
01/23/2007 CCR |Added relative humidity, surface wind speeds, and tropopause height ang 2.1
#039 |temperature to the Level 1 daieoducts
01/16/2007 CCR |Added ALidar Reflectanced (aka dl 2.4
#040 |Products
10/12/2007 CCR |Feature Finder Quality Flags, V02 2.4
#041
10/04/2007 CCR |Data Products Cataldgupdated document to make sdictions consistent. All
#042
10/05/2007 CCR |Updated the contents of LIDAR Level 1B and calibration output files. 2.1
#043
11/29/2007 CCR |Included GEOS5 content into DPC with minor updates to document. References
#044 Acronyms,
4.3, Tables
7, 26, 36,
40,43, 47,
50, 58
12/01/2007 CCR |Lidar Level 2 Data products additions for the Version 2.0 release. Tables 26,
#045 and 37
12/01/2007 CCR |Added the Spacecraft_Position parameter allowing users to calculate the| 2.4.3 and
#046 |location of each sample when CALIPSO gtesa 3 degree pitch. This 2.7.3
parameter was added to Tables: 27, 29, 31, 33, and 44.
Data Products CataldgVersion 3.0
10/01/2008 CCR |Added new Level 2 parameters, layer top pressure, layer base pressure, 2.4.3
#047 |mid-point pressure, layer top temperature, and layer base temperailafgds
28, 30, 32, and 34
10/14/2008 CCR |Added new parameters to both the clgliebles 39 and 4@nd aerosol 25and 2.6
#048 |(Tables 36 and 3frofile producs. These include extinction QC flags, CAD
scores, ravorked atmospheric volume description array, column optical ds
for cloud, aerosol, and stratospheric layers, and intial lidar ratiaslfcloud,
aerosol, and stratospheric subtypes.
Removed Table 38 fiLidar 40km Aer ¢
Replaced Table 37 fALidar 4estimdgenLidare
Rati oo with #ALidar 5 Kk-estmiaegreo sLdld af
11/04/2008 CCR |Added the parameters, Orbit Number_at Granule_Start, 2.1.2,
#049 |Orbit_Number_at_Granule_End, Orbit_ Number_Change_Time, 2.2.2,
Path_Number_at_Granule_Start, Path_Number_at Granule_End, and 2.3.2,
Path_Number_Change_Time in file tadata record in Tables: 7, 12, 18, 26 2.4.2,
36, 39, 42, 46, 49, 52, 57, 64, 73, and 77. 2.5.2,
2.6.2,
2.7.2,
2.8.2,
2.9.2, 2.10,
5.1.2,
5.2.2,
5.3.2, and
5.4.2
11/07/2008 CCR |Added fAsingle shot cl aoudandatresa layerd 243
#050 |products to Tables 32 and 34.




DCR

Section

Issue Date Description of Revision
Number Affected
11/06/2008 CCR |Added column optical depths to layer products to Tables 31 and 33. 2.4.3
#051
11/14/2008 CCR |Added 1064 nm column optical depths to profile products to Tables 37 an 2.53 and
#053 2.7.1
11/07/2008 CCR |Del eted the Afixed |lidar ratioodo @ 253
#052
02/21/2009 CCR |The IGBP max value needed to be updated in Tables 10, 27, 29, 31, and 2.1.3,
#056 |Updated link in section 4.6. 2.4.3, and
4.6.
02/21/2009 CCR |Added an opacity flag to the 1/3 km and 1 km cloud layer products.
#054
04/20/2008 CCR |Removed fixed lidar ratio layer products in Table 33. 2.4.3
#055
06/17/2009 Edits |Modified pages & such that the text in reflects thgar level 1 version 2.0
Only  |naming convention.
Adjusted spacing for content to fit on one page.
08/04/2009 Edits |Corrected file name convention example. 1.0, TOC
Only |Activated Table of Contents to be linked to sections within the document.
Data Product€atalogi Version 3.1
09/17/2009 CCR |Added Rayleigh backscatter and extinction cresstions and ozone absorpt| 2.1.2, 2.5.2
#059 |crosssections to the lidar meta data included with the lidar data products
Tables 7, 36, and 39.
04/08/2009 CCR |Updated Table 44 to indicate that 2.7.3
#057 |phased) now indicates fAoriented i
10/28/2009 CCR |Replaced some of the TBDs and N/As in the range column for the followi 2.1.2,
#058 [tables: 7 (Product_ICRayleigh_Extinction_Crossection_532, 2.1.3,
Rayleigh_Extinction_Crossection_1064, Rayleigh_Backscatter_Cross 2.2.2,
section_532, Rayleigh_Backscatter_Cresstion_1064, 2.3.2,
Ozone_Absorption_Crossection_532, and Ozone_Absorption_Cross 2.4.2,
section_1064), 9 (Surface_AltitadShift, Number_Bins_Shift), 10 (Profile_|I 2.5.2,
Land_Water_Mask, NSIDC_Surface_Type, Frame_Number, Lidar_Mode, 2.6.2,
Lidar_Submode, QC_Flag, QC_Flag_2), 12 (Product_ID), 18 (Product_I0  2.7.2,
(Product_ID), 36 (Product_ID, Rayleigh_Extinction_Crgsstion_532, 2.8.2,
Raylegh_Extinction_Crossection_1064, Rayleigh_Backscatter_Cross 2.9.2,
section_532, Rayleigh_Backscatter Cresstion_1064, 5.1.2,
Ozone_Absorption_Crossection_532, and Ozone_Absorption_Cross 5.2.2,
section_1064), 39 (Product_ID, Rayleigh_Extinction_Gsmstion_532, 5.3.2,5.4.2
Rayleigh Extinction_Crossection_1064, Rayleigh_Backscatter_Cross
section_532, Rayleigh_Backscatter_Cresstion_1064,
Ozone_Absorption_Crossection_532, and Ozone_Absorption_Cross
section_1064), 42 (Product_ID), 46 (Product_ID), 49 (Product_ID), 57
(Product_1D, 64 (Product_ID), 77 (Product_ID), and 77 (Product_ID).
11/10/2009 CCR |Added additional publications to the Reference section (item #19). References
#060
11/20/2009 CCR |Removed references subsystem 4.1. The entire section of 2.10 was remd 2.10
#061 |from this version of the document. The CALIPSO team is not producing t
product.
01/10/2010 CCR |Added 6l ayer base ext e mnaam@erdsallayer 243
#062 |products.
01/10/2010 CCR |Added column optical depth uncertainties to all 5 km lidar level 2 data 2.4.3,
#063 |products. 2.5.3,2.6.3
01/10/2010 CCR |Added classifier coefficients file information to metadata for all lidael 2 2.4.2
#064 |data products.




DCR

Section

Issue Date Description of Revision
Number Affected
17 CCR |Modified the Primary Authors Page reflecting latest authors to this docurn  Page ii
01/11/2010 #065
02/21/2010 CCR |Added the peameter, Day Night_Flag to Takl&7 and 40. 253,2.6.3
#066
02/21/2010 CCR |Revised the reporting of Latitude, Longitude, TIA Time, and UTC Time in 2.6.3
#067  |Profile products.
02/16/2010 CCR |Added the CAD_Score parameter to the 1 km cloud layer product Table ] 2.4.3
#068
03/09/2010 CCR |Made major improvements this document in support of thadar level 2 All
#069 |Version 3.01 data release.
Data Products CataldgVersion 32
08/09/2010 CCR |Corrected units fothe parameterg,otal_Attenuated Backscatter 532, 2.13
#070 |Perpendicular_Attenuated_Backscatter 532, and
Attenuated Backscatter 1064 Table 10.
Data Products CataldgVersion 3.3
01/19/2011 CCR |Updatdtables in support of the lIRdvel 2 version 3.01 data release. 1,2.8,2.9
#071
05/162011 CCR |Added section 6, Pidpacitald.P urhpo ¢ 6,
#072 |this section is called Lidar Level 1.5 Expedited Data. Appendix
A
05/26/2011 CCR |Added a new Appendix B that provides the flag values for selected IIRLe  2.8.3,
#073 |track and swath science parameters. 2.9.3,
Appendix
B
05/15/2011 CCR |Corrected WFC table reference number in Table 4. 1.0
#074
Data Products CataldgVersion 3.4
12/12/2011 CCR |Added a new section 2.10 supporting the new Lidar Level 3 Aerosol Profi 1.0,2.10
#075 |Monthly Product.
12/07/2011 CCR |Updated minor syntax within the document. Page x,1.0,
#076 Appendix
B
12/272011 CCR |Updatedthedata production diagram to incluttee Lidar Level 3product. 1.0
#077
Data Products CataldgVersion 3.5
08232012 CCR |Intable44, in the last row, change the word course to coarse. 2.7.3
#078
01/08/2013 CCR |The entire document was updated reflecting the new expedited products All
#079 |produced for each instrument. The IIR sectof the document was updated
reflecting the ordeof the parameters as well as correcting information that
matches the data files produc&emoved Section b Engineering Data
Products from the document.
Data Products CataldgVersion 3.6
07/26/2013 CCR |Update the DPC to include the AFWf#e format/version change 1,4.7
#083
07/26/2013 CCR |Update the DPC to include GMAO file format/version change 1,43
#084
07/01/2013 CCR |Update the DPC to include AFWA and PSC Mask in the Production flow 1
#085 |diagrami Figure 1
07/26/2013 CCR |Add New Polar Stratospheric Cloud Data Product into the DPC 2.8,
#08%% remainder
of DPC

Xi
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Section

Issue Date Number Description of Revision Affected
07/26/2013 CCR |Modify DPC as needed (minor changes) 1
#087
07/26/2013 CCR |Updated Figure 1 to correct the production flow for the Lidar Level 1.5 dal 1
#092  |product
08/28/2013 CCR |Updated the Core Metadata Table to match produced data Appenidx
#089 A
Data Products CataldgVersion 3.7
05/16/2013 CCR |Add additional parameters in the Lidar Level 1 Metadata Record. They af 2.1.2
#080 |GMAO _Files Used and Snouce Files Used.
05/16/2013 CCR |Add additional parameters in the Lidar Level 1 Metadata Record. They af 2.1.2
#081 |[ScatteringRatioln532NightCalibrationRegjon
ScatteringRatioln532NightCalibrationRegionUncertainty,
MolecularModelUncertaintyCirrusBackscatterColorRatiand
CirrusBackscatterColorRatioUncertainty
02/12/2013 CCR |Add o6surface saturation flagd, 03 2.13
#082 |lanomaly indexé to the Iidar | evel
08/27/2013 CCR |Replace Product_ID for Lidar Level 1 in tableAfpplies for Version 4. 212
#090
08/29/2013 CCR |Change parameter name in table 10 NSIDC_Surface_Type to 2.13
#091 |Snow_Ice_Surface_Type. Applies in Version 4.
08/29/2013 CCR |Update file sizes becausedfanges in CCRs #80, #81, and #82. The file s| 1.1, 2.1.2,
#093 |were modified in tables 1, 7, and 10. 2.1.3
09/12/2013 CCR |Change nominal range for TAl and UTC times for Lidar Level 1 data vers| 2.1.2,
#094 |4.0. 2.1.3,
Appendix
A
11/19/2013 CCR |Update the nominal ranges in the tables in section 2.1 in support of the V| 2.13
#095 |4 release.
11/18/2013 CCR |Add wording describing Version 4.0 Lidar Level 1. 11,21
#088
12/13/2013 CCR |Replace data manager name on the signature page (iii). iii
#096
01/30/2014 CCR |Add GMAO surface altitudes to lidar level 1B data product. 2.1.3
#097
02/18/2014 CCR [Lidar Level 1 Quality Check Flags added as an appendix Appendix
#098 B,
Appendix
C
03/03/2014 CCR |Update Data Quality Check Flag 2 account®064 nm transient response tq  2.1.3,
#099 |temperature Appendix
B
06/182014 CCR |Update the DPC signature page and author page. ii, i, iv
#100
07/112014 CCR |Update the WFC File Sizes due to SES Angle Collect change. 231
#101
07/112014 CCR |Add additional WFC data products file sizes to Table 1. 1.1
#102
Data Products CataldgVersion 3.8
08/25/2015 CCR |Update Lidar Level 3 Aerosol Profile product content generated for the V¢ 1.1, 2.11
#103 |3 release.
08/24/2015 CCR |Update the out odlate link to the IGBP Land Cover Legend. 4.6
#104

Data Products CataldgVersion 410

Xii




DCR

Section

Issue Date Description of Revision
Number Affected
10/21/2015 CCR |Add lidar surface elevation, profile ID, IGBP surface type and ozone num|  2.10.3
#105 |density to the level 2 profile products.
03/08/2016 CCR |Add single shot information to VFM,-Bm cloud layer, &m aersosol layer, 2.6,2.12
#106a |and 5km merged layer products (Lidar Level 2).
10/01/2015 CCR |Add 532 nm attenuated scattering ratio statistics to level 2 layer products 2.6.3
#108
10/21/2015 CCR |Add lidar ratio uncertainties to thekin cloud and aerosol layer. 2.6.3
#109
10/21/2015 CCR |Generate mergedim cloud and aerosol layer products as a standard 2.6.3
#110 |component of the version 4 data release.
10/15/2015 CCR |Remove Cirrus Shapgearameter Variables from thekdn Cloud Layer Produd 2.6.3
#112
10/15/2015 CCR |Report profile data in 5 km cloud profile product up to 30 km 2.8
#114
03/30/2016 CCR |Add stratospheric aerosol subtypes to level 2 products 2.6
#115
10/30/2015 CCR |Lidar Level 2 End Date Change From 06/2016 to 12/2026 2.6, 2.8,
11/09/2015 #12Q 2.10, 2.12,
#122 Appendix
A
10/27/2015 CCR |Add Centroid Temperature to Cloud and Merged Layer Products 2.6
#121
10/27/2015 CCR |Reporting OTr ans p-amlayarprod@tsphanso i 2.6
#125
03/23/2016 CCR |Lidar Level 2 Script File Exceeds Maximum Length 2.6, 2.8,
#126 2.10,2.12
03/28/2016 CCR |Add documentation for level 1.5 standard V3V4 product to data products 5.2
#131 |catalog
03/28/2016 CCR |Add attenuated backscattBd64 nm statistics and to level 1.5 and remove 5.1,5.2
#129 |extinction coefficients from standard V3V4 hybrid product.
10/14/2015 CCR |Add Land/Water Information to Level 1.5 Expedited Product 51
10/192016 #116
05/20/2016 CCR |Add new lidar surfacédetection parameters 2.6
#132
01/30/2014 CCR |Add GMAO surface altitudes to Lidar Level 1B data product (Versiaf)4. 2.2.3
#123
05/20/2016 CCR |Add new lidar surface detection parameters for V4, delete old parametery 2.x/Lidar
#132 |where appropriate Level 2
Version
410
Sections
08/02/2016 CCR |Add additional parameters to the new product, Lidar Level 1.5 Standard 5.2
#133
08/17/2016 CCR |Change nomenclature of Version 4 polluted continental and smoke aero§  2.12.3
#134 |subtypes
10/07/2015 CCR |Add singleshot time, position and ancillary data to VFM files 2.12.1
10/17/2016 #117
08/22/2016 CCR |Add single shot lidar surface detection to 5km layer products 2.6.3
10/17/2016 #135
08/19/2016 CCR |Updates to draft DPC Release 4i1Catch All Entire
10/17/2016 #137 Document
10/26/2016 CCR |Modify description of the DPC section 4.4 and 4.5 to reflect new CloudSA 4.4,4.5
#140 |DEM

Xiii




DCR

Section

Issue Date Description of Revision
Number Affected
01/30/2014 CCR |Add GMAO surface altitudes to lidar level 1B data product 2.2
#123
06/06/2017 * Tables 33, 35, 37, and 39 adffer to Table 73 and is now Table 74. 2.7,2.4
Table 25, Table 26, Table 21, and Table 22 references to tables were col Appendix
A reference to @ble113 is now 114 in Appendix A A
Data Products CataldgVersion 4.20
06/14/2017 CCR |AddIIR Level 1 Version 2.00 Information to the DPC Table 1,
#14 2.4,
Appendix
D
Data Products CataldgVersion 4.30
02/15/2018 CCR |Add new Lidar Level 3 Ice Cloud product information to the DPC. Table 1,
03/292018 #142 2.18
Data Products CataldgVersion 4.40
06/12/2018 CCR |Add new Lidar Level 3 Stratospheric Aero$ubfile product information to th 2.19
07/122018 #143 |DPC
07/23/2018 CCR |Add Missing row of information to Lidar Level 2 5km Merged Layer Recof Table 1,
#144 |Summary Table to DPC Table 48
07/31/2018 CCR |Correction to Table 47 (Row) Single Shot Parameters Record Size Table 1,
#145 Table 47
Data Products CataldgVersion 450
07/30/2018 CCR |Add Laser Energy information to the Lidar Level 2 data and bump versionn Sections 1
#146 |(V4.10to v4.20 and 2
Data Products CataldgVersion 460
10/01/2018 CCR |Add NEW Lidar Level 2 Blowing SnoyRegion =Antarcticd Product New
#147 |Information to DPC Section
2.15
Data Products CataldgVersion 470
11/14/2018 CCR |Add NEW Lidar Level 3 Cloud Occurrence product information to the DP New
#148 Section
2.21
Data Products CataldgVersion 480
01/17/2019 CCR |Remove Level 1.5 Standard_V3V4 Product from DPC Remove
#149 Section 5.2
01/17/2019 CCR |Update Level 1.Expedited Product to V3.50 in DPC Section 5.1
#150
01/18/2019 CCR |Add New Level 1.5 Standard Version 1.00 to DP New
#151 Section 5.2
02/05/2019 As a followon to CCR #149, remove the Standard_V3V4 definition fromt| Section 1
CALIPSO Data Product Production Strategiable in Section 1.
02/12/2019 CCR |Add new table 69 that provides the Atmospheric Volume Descriptor Section
#152 |information. 2.9.3
03/14/2019 Corrected Table 46. A5 km Layer [ Section2.7
59 but should havbeen 58.
03/14/2019 Removed 4 rows in Table 143 that | Section5.2
These parameters were not included in this version of the Lidar Level 1.5
Standard product.
07/23/2019 CCR |Remove the parameteixtinction_532_Median, Extinction_532_Skew, an{ Section
#155 |Extinction_532_RMS from Table 105 (as referenced in DPC Release 4.8 2.18,
These parameters should not have been included in this table. These pal Section 1

are not included in the Lidar Level 3 Aerosol Profile &ien 3.10 data

products.

Xiv




DCR

Section

Issue Date Number Description of Revision Affected
05/12/2020 N/A° [Changed ASDCO6s link from eosweb. Il Pagesxxv
&4

XV




DOCUMENT REVISION RE CORD ...ttt ten et e e s A4

REFERENCE DOCUMENTS ... .ottt ittt s ettt e e e s smenssaaa e e s nanea e e s annseeeeammn s XXV
ACRONYMS L.t reeet et e e et e e e s s e eest e e e e e assae e e e e s steeeeammnesensneeaeeannaeaeeaan XXVIII

SYMBOLS, STUNITS ..ottt ittt eeeee et e st eeneme e s stee e e e s antteeeeesnsannnseeeeaanneees XXIX

DATA TYPE ABBREVIATI ONS ...ooiiiiiiiiiiiieeeiieiesemeeseee et a e sannee s snsaeee e s ansaeeeeans XXX
1.0 INTRODUCTION .oiiiiiiiiiiiieeiiiii e e e cieeeite e e s et e e e e st e e s emmme s s saae s e e e ssaraeeesassssmnseeeaansneneeans 1
1.1 CALIPSODATA PRODUCTS....cuttutttttttutttutttnntiimmmeeaeeaaaaaaaaaaaaaaaaetesamaassnnssnnnsnnnnnnnnnnann s 1
2.0 ARCHIVAL DATA PRODUCTS ...oiiiiiiiiiiiiie sttt emme st et e nssennea e nnnneaa e e s 12
2.1 LIDAR LEVEL 1B PROFILESDP 1.17 VERSIONSX ..uvvvieeiiuiiieeeiiiieeeesimmmssseeeesssssneeesssnseeeens 15
2.1.1 LIDAR INSTRUMENTLEVEL 1 DATA PRODUCTT VERSION3.X ..uvvvveeiiiiireeeiiiiieeessmmnssnsneens 16
2.1.2 LIDAR INSTRUMENTLEVEL 1 DATA METADATA T VERSION3X ..vevieiiiiiieeeiiiiieeessimnnsenneens 17
2.1.3 LIDAR INSTRUMENTLEVEL 1 DATA SCIENTIFIC DATA SETST VERSION3X...ccceeeevviinrnnnen. 18
2.2  LIDAR LEVEL 1B PROFILESDP 1.17 VERSIONZA.10.........0uviieiiiiiiee e s seeeieee e e e esneee e ennene e 21
2.2.1 LIDAR INSTRUMENTLEVEL 1 DATA PRODUCTT VERSIONA.10.......cccuviiieiiiiiieeesiieennieneeenns 22
2.2.2 LIDAR INSTRUMENTLEVEL 1 DATA METADATA T VERSION4.10.....ccceviiiiiieeeiiiieeeeseennnnne 23
2.2.3 LIDAR INSTRUMENTLEVEL 1 DATA SCIENTIFIC DATA SETST VERSION4.10.......cccveveeennnns 25
2.3 1IR LEVEL 1B RADIANCES DP 1.2T VERSIONLX ...eeeiiiuviieeeiiireeeeesiimnesseeeesssssneeesssnssesessmnes 28
2.3.1 INFRAREDIMAGING RADIOMETER LEVEL 1 DATA PRODUCTT VERSIONLX....ccvvveeiiiineennns 29
2.3.2 IIR LEVEL 1 METADATA T VERSIONLX 1ieiiiutiiieeiiiiieeessittsineseeesssnaeeeeesssaeeesssmnnsseeeeesennees 30
2.3.3 IR LEVEL 1 SCIENTIFIC DATA SETST VERSIONLX ...uvvviiiiiieeeeiiisiiiiirieesssnnneeeseeeeseesnnnnsnnes 31
2.4 1IR LEVEL 1B RADIANCES DP 1.27 VERSIONZ2.00.......cciitiiieeiiiiireesimemsiiieeeesnneneeeeennseeeens 33
2.4.1 INFRAREDIMAGING RADIOMETER LEVEL 1 DATA PRODUCTT VERSION2.00...........ccvvee... 34
2.4.2 1IR LEVEL 1 METADATA T VERSIONZ.00.......cccitiieeeiiiiiee e s ememiiite e e e e stree e e s e s aemme e enneaee s 35
2.4.3 1IR LEVEL 1 SCIENTIFIC DATA SETST VERSIONZ2.00.......cctiiiiiiiireeeiiiiineeeeeeenineeeeessnseeneeens 36
2.5 WFCLEVEL 1B SCANSDP 1.31T VERSIONSX ..eieeiiuiiieeeiieiiireessiensseeeeesssseneessnnsneeessmnessnens 38
2.5.1 WIDE FIELD CAMERA LEVEL 1 DATA PRODUCTT VERSION3X...ueviiieeeeiiiiiiiiiieeesieeneeeaaaens 39
2.5.2 WFCLEVEL 1 DATA METADATA T VERSIONSX ..uvvviiieiiiiieeeesitieeseemmeessnieeeeeesnseeeesenssnenns 41
2.5.3 WFCLEVEL 1 SCIENTIFIC DATA SETST VERSIONSX .utvtieiiiiiieeeasiiieeeesimnmsseeneessnsnneeessnnnns 42
2.6 LIDAR LEVEL 2 CLOUD AND AEROSOLLAYER PRODUCTSDP 2.1AT VERSION3 X ..............44
2.6.1 LIDAR LEVEL 2 CLOUD AND AEROSOLLAYERS RECORDSUMMARY i VERSION3X.............46
2.6.2 LIDAR CLOUD & AEROSOLLEVEL 2 METADATA | VERSION3.X eccuvvvieeeeiiiireesinneesennmnesannens 48
2.6.3 LIDAR CLOUD & AEROSOLLEVEL 2 SCIENTIFIC DATA SETST VERSION3X .ccvvvvveeeiiiiieeenns 49

2.7 LIDAR LEVEL 2 CLOUD, AEROSOL ANDMERGEDLAYER PRODUCTSDP 2.1AT VERSION4.2060
2.7.1 LIDAR LEVEL 2 CLOUD AND AEROSOLLAYERS RECORDSUMMARY T VERSION4.20............ 61
2.7.2 LIDAR CLOUD, AEROSOL ANDMERGEDLEVEL 2 METADATA T VERSION4.20........cuuvvennnnsnd 63

XVi



2.7.3 LIDAR CLOUD, AEROSOL AND MERGED LEVEL 2 SHARED PARAMETER INFORMATION I VERSION4.20
64

2.7.4 LIDAR CLOUD, AEROSOL ANDMERGEDLEVEL 2 SCIENTIFIC DATA SETST VERSION4.20....68

2.8 LIDAR LEVEL 2 AEROSOLPROFILE DATA PRODUCTDP 2.1BT VERSION3 X ....vvvvvvvviiinninnnes 83
2.8.1 LIDAR LEVEL 2 AEROSOLPROFILE DATA SUMMARY T VERSION3.X....cccviiiiiiiiiiiiiiiniieeieeeans 84
2.8.2 LIDAR AEROSOLPROFILE DATA METADATA T VERSION3.X .evvviiiiiiieeeeeiiieeeessieensseeeeeeennens 85
2.8.3 LIDAR AEROSOLPROFILE DATA SCIENTIFIC DATA SETSTVERSION3X cooiiiiiiieiiiiieieeeeeeeend 86
2.9 LIDAR LEVEL 2 AEROSOLPROFILE DATA PRODUCTDP 2.1B7 VERSION4.20...........cc...... 88
2.9.1 LIDAR LEVEL 2 AEROSOLPROFILE DATA SUMMARY T VERSION4.20........cccccvieeeiiriireeaeen 89
2.9.2 LIDAR LEVEL 2 AEROSOLPROFILE DATA METADATA | VERSION4.20.......cccccviviieeeeinirennns 90
2.9.3 LIDAR LEVEL 2 AEROSOLPROFILE DATA SCIENTIFIC DATA SETST VERSION4.20............... 91
2.10 LIDAR LEVEL 2 CLOUD PROFILE DATA PRODUCTDP 2.1Ci1 VERSION3.X....vvvveeeiirieeeeene, 4
2.10.1LIDAR LEVEL 2 CLOUD PROFILE DATA RECORDSUMMARY T VERSION3X ..ccccvvvvreeeiivnnnnn. 96
2.10.2LIDAR LEVEL 2 CLOUD PROFILE DATA METADATA T VERSION3X ...vviiivireiiieesiireeesiienne s 97
2.10.3LIDAR LEVEL 2 CLOUD PROFILE SCIENTIFIC DATA SETST VERSION3X ..ccvvvveiiieeiiire e 98
2.11 LIDAR LEVEL 2 CLOUD PROFILE DATA PRODUCTDP2.1Ci VERSON 4.20..........ceeeuneee. 100
2.11.1LIDAR LEVEL 2 CLOUD PROFILE DATA RECORDSUMMARY T VERSION4.20.........c..cece.n.... 101
2.11.2LIDAR LEVEL 2 CLOUD PROFILE DATA METADATA T VERSION4.20......ccccvveviiieeiiiire e, 102
2.11.3LIDAR LEVEL 2 CLOUD PROFILE SCIENTIFIC DATA SETST VERSION4.20........ccceeeeeennneee. 103
2.12 LIDAR LEVEL 2 VERTICAL FEATURE MASK DATA PRODUCTDP 2.1D7 VERSION3 X ......... 105
2.12.1LIDAR LEVEL 2 VERTICAL FEATURE MASK DATA RECORDSUMMARY i VERSION3 X........ 107
2.12.2LIDAR LEVEL 2 VERTICAL FEATURE MASK METADATA T VERSION3X ...ccccvvveeiiiieeiieeeenes 108
2.12.3LIDAR LEVEL 2 VERTICAL FEATURE MASK SCIENTIFIC DATA SETST VERSION3X............. 109

2.13 LIDAR LEVEL 2 VERTICAL FEATURE MASK DATA PRODUCTDP 2.1DT VERSION4.20....... 111
2.13.1LIDAR LEVEL 2 VERTICAL FEATURE MASK DATA RECORDSUMMARY T VERSION4.20....... 112

2.13.2LIDAR LEVEL 2 VERTICAL FEATURE MASK METADATA T VERSION4.20......cccuviiiiieiieennns 113

2.13.3LIDAR LEVEL 2 VERTICAL FEATURE MASK SCIENTIFIC DATA SETST VERSION4.20........... 114

2.14 LIDAR LEVEL 2 POLAR STRATOSPHERICCLOUDS PRODUCTDP2.37 VERSION1 X ............. 116

2.14.1LIDAR LEVEL 2 POLAR STRATOSPHERIC CLOUD PROFILE DATA RECORD SUMMARY i VERSION 1.X
117

2.14.2LIDAR LEVEL 2 POLAR STRATOSPHERICCLOUD DATA METADATA T VERSION1 X ............. 118

2.14.3LIDAR LEVEL 2 POLAR STRATOSPHERICCLOUD SCIENTIFIC DATA SETST VERSION1.X ..... 119

2.15 LIDAR LEVEL 2 BLOWING SNOW PRODUCTDP 2.47 VERSIONL.00......cccviiiivieiieeiee e 120
2.15.1LIDAR LEVEL 2 BLOWING SNOW DATA RECORDSUMMARY T VERSION1.00..........cvvvuennees 121
2.15.2LIDAR LEVEL 2 BLOWING SNOW DATA METADATA T VERSIONLX ..uvvvniiviiiieieeeeeeeeveens 122

XVil



2.15.3LIDAR LEVEL 2 BLOWING SNOW DATA PRODUCT SCIENTIFIC DATA SETST VERSION1.00. 123

2.16 1IR/LIDAR LEVEL 2 TRACK PRODUCTDP 2.2AT VERSION3.X ..ccccvviieeeiivieeeeeiivineeae e 125
2.16.11IR/LIDAR LEVEL 2 TRACK PRODUCTT VERSIONS X ....cvviiieeiiiiireeeitveinereesssnneeeeeennnneens 126
2.16.21IR/LIDAR LEVEL 2 TRACK METADATA T VERSON 3.X ..uvvviiiiiiieeiiiiiiiiiieeinssieeeeeeeesesnnnnes 127
2.16.3lIR/LIDAR LEVEL 2 TRACK SCIENTIFIC DATA SETST VERSION3.X ..vvvviiiiieeeiiiiiiiiieeeeenne 129
2.17 IR LEVEL 2 SWATH PRODUCTDP 2.2BT VERSIONS X .vuieiiiiiiieiiiieeeeiisveeen e e e e eann s 131
2.17.11IR LEVEL 2 SWATH PRODUCTT VERSIONSX ..uttuuutuutiuuninninnaammeeeeeeeeeeeeeeeeeeeseesseenennass 132
2.17.21IR LEVEL 2 SWATH METADATA T VERSIONSX...uuuuuuiuaaasaasssee s smmmeeeeeeeeeeeeeeeeseeeseessenees 133
2.17.31IR LEVEL 2 SWATH SCIENTIFIC DATA SETST VERSION3X ..uvvviieiiiiieeeaiireeeessmenssnnneaasanns 135
2.18 LIDAR LEVEL 3 AEROSOLPROFILE PRODUCTDP 3.17 VERSION3X ...vvvveeeiiiiieeeeiivieeee s 137
2.18.1LIDAR LEVEL 3 AEROSOLDATA SUMMARY DP3.17 VERSION3X ..veccivieeiiiieeiiieesivienss 138
2.18.2LIDAR LEVEL 3 AEROSOLDATA PRODUCTMETADATA I VERSION3X ...uvvvveeeiiriieeeeenrnen 139
2.18.3LIDAR LEVEL 3 AEROSOLDATA PRODUCTSCIENTIFIC DATA SETST VERSION3 X............. 139
2.19 LIDAR LEVEL 3ICECLOUD PRODUCTDP 3.37 VERSIONL.00......cccviiiiiiiiiieieiiie s ceeee e 145
2.19.1LIDAR LEVEL 31CECLOUD DATA SUMMARY DP3.37 VERSION1.00.......cccceevvireiiirenie 146
2.19.2LIDAR LEVEL 3 ICE CLOUD DATA PRODUCTMETADATA T VERSION1.00.........ccceeeenneee. 147
2.19.3LIDAR LEVEL 3 ICECLOUD DATA PRODUCTSCIENTIFIC DATA SETST VERSION1.00......... 148

2.20 LIDAR LEVEL 3 STRATOSPHERICAEROSOLPROFILE DATA PRODUCTDP 3.21 VERSION1.00150

2.20.1LIDAR LEVEL 3 STRATOSPHERICAEROSOLPROFILE DATA PRODUCT SUMMARY DP 3.27 VERSION1.00
151

2.20.2LIDAR LEVEL 3 STRATOSPHERICAEROSOLPROFILE DATA PRODUCTMETADATA T VERSION1.00 152

2.20.3LIDAR LEVEL 3 STRATOSPHERICAEROSOLPROFILE DATA PRODUCT SCIENTIFIC DATA SETST VERSION
1.00 153

2.21 LIDAR LEVEL 3 CLOUD OCCURRENCEDATA PRODUCTDP 3.41 VERSION1.00.................. 155
2.21.1LIDAR LEVEL 3 CLOUD OCCURRENCEDATA PRODUCTSUMMARY DP 3.417 VERSION1.00. 156
2.21.2LIDAR LEVEL 3 CLOUD OCCURRENCEDATA PRODUCTMETADATA T VERSION1.00........... 157
2.21.3LIDAR LEVEL 3 CLOUD OCCURRENCEDATA PRODUCT SCIENTIFIC DATA SETST VERSION1.00158

3.0 LEVEL O INPUT DATA P RODUCTS ....coiiiitiiiieeiiiiie e s reemsiaeeeessnaeae e s snsseessmmmeasnseeens 160
3.1 LIDAR LEVEL O DATA ..ttt eeeee sttt e e e e e e e e e mn e s e e e e e e e e e e e e mnnnnnrnees 160
3.2 IMAGING INFRAREDRADIOMETER LEVEL O DATA ..o ittt eeeeteeme et ee e 161
3.3 WIDE FIELD CAMERA LEVEL O DATA ... .uttiiiiiiiiiiee e ettt eere e e iteta e s enaeaa e s smnnssaeeeesnneeeens 162
4.0 ANCILLARY INPUT DATA PRODUCTS .....oiiiiiiiiieeeiiiee e vmmmrsiea e siene e nnesamme s 163
4.1 EPHEMERISDATA .ottt ettt eeeer ettt e et e eae e e e et b e e e e eba e e e e tan s e e amnneeern e e aereans 163
N A 1 U ] = 7 S 163
4.3  GLOBAL MODELING AND ASSIMILATION OFFICE(GMAOQO) .....coeeiiiiiieeeeiiieeeeemennneea e 163

XVili



4.4  DIGITAL ELEVATION MODEL (DEM) ....ccciiiiiii e mmme e 164

4.5  LAND AND WATER COVERAGE........cceiiiitiieeeeiisttieeaseessssssesasssssssasssssmnssssssesanssssesssssssees 164
4.6  INTERNATIONAL GEOSPHEREBIOSPHEREPROGRAMME (IGBP) ECOSYSTEM........cccvvveeen 165
4.7 AIR FORCEWEATHERAGENCY SNOW AND ICEMAP .....uuiiiiiiiiiiiiiiiiiiiicmme e 166
5.0 SPECIAL PURPOSE DATA PRODUCTS . ....cii ittt eeetee e et eavvmmmeeees 167
5.1 LIDAR LEVEL 1.5EXPEDITED DATA PRODUCTT VERSION3.50........ccccuviieeiiiiiieesvceniieee 167
5.1.1 LIDAR LEVEL 1.5EXPEDITED DATA PRODUCTT VERSION3.50.......cuuuuiiiiiiii e 168
5.1.2 LIDAR LEVEL 1.5EXPEDITED DATA METADATA T VERSION3.50......ccciiiiiiiiiiiiieee e 169
5.1.3 LIDAR LEVEL 1.5EXPEDITED DATA SCIENTIFIC DATA SETT VERSION3.50........ccccevunneee. 170
5.1.4 L2 _FEATURE_TYPE VALUEST VERSIONS.50......cccciiiiiiiieiiiiieeceme s siteee e e e ssinee e e e snvenneeens 172
5.2  LIDAR LEVEL 1.5STANDARD DATA PRODUCTT VERSIONL.00.......ccccoiiuveeiiieeiirieeeesnreannn 174
5.2.1 LIDAR LEVEL 1.5STANDARD DATA PRODUCTT VERSIONL.0Q........coeeiiiiiiieeeiiiiieeee e 175
5.2.2 LIDAR LEVEL 1.5STANDARD DATA METADATA T VERSIONL.00........ccccvvreeeiiiireeeceennee, 176
5.2.3 LIDAR LEVEL 1.5STANDARD DATA SCIENTIFIC DATA SETT VERSIONL.00.........cc0ccevnene. 177
5.2.4 L2_FEATURE_TYPE VALUEST VERSIONTL.00......cccueiiiiieeiiieeiiieeeestieeesiee e siree e semne e 179
N e e N1 1 PP 181
N e e N1 1 = PP 183
N o = 1 1 PP 187
N e e = N1 1 G 5 PP 192

XiX



Figure 1

Table 1:
Table 2:
Table 3:
Table 4.
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:
Table 18:
Table 19:
Table 20:
Table 21:
Table 22:
Table 23:
Table 24
Table 25:
Table 26:
Table 27:
Table 28:
Table 29:
Table 30:
Table 31:

List of Figures

CALIPSO Top Level Data FIOW Diagram..............cceeeiiiieeeeeceeeciiiisee e ee e e eeeeeveeen e 3

List of Tables

CALIPSO Sciare Archival Data ProducCt SUMMALY.........ccevviiiiiiiiiiieanieeeeeeeeeeeeeeeeee 8
CALIPSO Level O Input Data ProducCt SUMMAIY.........cccciieiiiiiiimanieeeeeeeeeeee s 11
CALIPSO Ancillary Input Data ProducCt SUMMALY.........ccceeeeeiiiiiiieeeieee e eeeeeeeeeeeeinens 11
CALIPSO Engineering Data ProducCt SUMMALY............cooiiuuirimmmnn i eeeeaes 11
CALIPSO DMS TO @l ..ttt eeeeieetteaeee e e e e e e e s emmsaeeeeeaeeeaaaaaeaaaaaessammmnaeaeaens 12
Lidar Instrument Record SUMMANYEISION 3.X.......uuuuiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeaeeeeea e 16
Lidar Metadata RECOIA/EISION 3.X ... ..uuuuuiiiiiiiiiiiiiiieeeeeeeie et et e e e e e e e e e e s srmmme e e e e e e e 17
Lidar Spacecraft Position, Attitude, andeSehl Record Version 3.X............vveiienennn.. 18
Lidar Profile Geolocation and Viewing GEome&tRersion 3.X.........ccovvveeeiiiiiviiinnnnsnnnnns 18
Lidar Profile Science ReCAr&Version 3.X.......oceeeeiiiiiiiieiiiiineeeeeeeeeeeeeeieninns s smeeeeeen 19
Lidar Instrument Record SUummBaNersion 4.10........c.vveieiiiiiiiiiccceeeee 22
Lidar Metadata RecArd/ersion 4.10........ccuuiiiiiaeiiiiiiiiie e 23
Lidar Spacecraft Position, Attitude, and Celestial Récdatsion 4.1Q........................ 25
Lidar Profile Geolocation and Viewing Geométiersion 4.10............ccccvvvvviiiiiieennnns 25
Lidar Profile Science RecArVersion 4.10............uuuuiiiiiiiiesceeeiiieee e e e e eeaeeeeaneeee s 26
[IR Record SUMMAaIYWVeErSION L.X.....coooiiiiiiiiiiiiiiieees s eeeneseeeeens e ees 29
[IR Level 1 Metadata ReCOr/ersion L.X.......ccceeeiiiieiiieiiiiiimmme e eeeeeeeeeeeenee s smeeeeeen 30
IIR Spacecraft Position, Attitude, and Celestial Record (1 per Earth wéasgion 1.x..31
Earth View Record (1 per grid lIHEYersion L.X........cccccuuuuruiiiieiiiieemiiiiieeeeeeeeeeeeeeeens 32
IR Record SUMmMaiyVersion 2.00..........cuuiiiiiiiiiiiii e 34
[IR Level 1 Metadata RecOrd/ersion 2.00.............uuuuiiiinniieceeeeiiinse e e e e e e e e e e e eaeeee s 35
IIR Spacecraft Position, Attitude, and Celestial Record (1 per Earth weasgion 2.0036
Earth View Record (1 per grid lingyersion 2.0Q............coooiiiiiiiiiiimmne e 37
WFC Record Summary km Registered ScienteVersion 3.X.....ccceeveeveeeeeeeeeeeeeiennnnnn. 39
WFC Record Summary km Native SCIenCe Version 3.X..........uuuureereiiiinissseeeeennnnnns 39
WFC Record Summar§25 m Native ScienceVersion 3.X........cccceeeeeveeevvveeviennne.. 40
WFC Level 1 Metadata RECOMErsioN 3.X.....cccceeeeeeiiiiiiiieiiieeee e eeeeeeeeeeeaaeeenn e 41
1 km Registered Science ReGOYEISION 3.X . ..uuuuriiriiiiiiiiiiiieieieeseeeeee e 42
1 km Native ScienCce RECOIMEISION 3.Xu....uvuuuururiiiiiiiieeeseeeerininnnanneeeeeeeeeseeessmennseeees? 42
125 m Native Science RECOMEIrSION 3.X .. cciiiiieieeeeiiieeeieeeieeee e e e e e e eeeeeeeeeeeeee e 43
1/3 km Lidar Cloud Layer Record SUmMNMiakersion 3.X......ccueveeiiieeeeieiiniiicaeeeeeeeeeen 46

XX



Table 32:
Table 33:
Table 34:
Table 35:
Table 36:
Table 37:
Table 38:
Table 39:
Table 40:
Table 41:
Table 42:
Table 43:
Table 44:
Table 45:
Table 46:
Table 47:
Table 48:
Table 49:
Table 50:
Table 51:
Table 52:
Table 53:
Table 54:
Table 55:
Table 56:
Table 57:
Table 58:
Table 59:
Table 60:
Table 61:
Table 62:
Table 63:
Table 64:
Table 65:
Table 66:
Table 67:
Table 68:
Table 69:

1 km Lidar Cloud Layer Record SumMmalersion 3.X........cccevvviveeeeeurermmimmmreeeeeeennnnnnnd 46
5 km Lidar Cloud Layer Record SUMMEaREISION 3.X.....uuuuuiiiiiiiieeeeeeiiiieeeiieeeeeeeeeaaaad 46
5 km Lidar Aerosol Layer Record SUumMmalMersion 3.X.........ccovvvvveevrevrnmmmmmmeeeeeennnnnnns 47
Lidar Cloud & Aerosoldvel 2 Layer Metadata Recard/ersion 3.X...........covvvvevvvvnnnnns 48
Lidar 1/3 km Column Descriptor Record: CIOUN&ISION 3.X.......cccvvvvvvviviiiiiiiimeennnnd 50
Lidar 1/3 km Layer Descriptor Record: ClOUN&ISION 3.X.....cccceeeevveviiiiiiiiiiienneeeeeen, 51
Lidar 1 km Column Descriptor Record: CIOUN&ISION 3.X.......ccccevvvvvviiiiiiiiiienneeeeee, 52
Lidar 1 km Layer Descriptor Record: CloUA&ISION 3.X....ccccvveeeeeeiiiiiiieieiiieeeeeeeeeeee 52
Lidar 5 km Cohan Descriptor Record: CloudsVersion 3.X.........ccccevvvvvevevivivineneeneennn. 54
Lidar 5 km Layer Descriptor Record: CloUA&ISION 3.X....ccccvveeeeeeiiiiiiiiiiiiieeeeeeeeeeee 55
Lidar 5 km Column Descriptor Record: AeroSOlRIsion 3.X........cceevvvvvvvnnniiisieeeeennnns 57
Lidar 5 km Layer Descriptor Record: Aero$ersion 3.X..........cuuvvvveeniieeeseieecnnnnnnnns 58
1/3 km Lidar Merged Layer Record Summia¥Aersion 4.20................vvveiiiisieceennnnnnns 61
1 km Lidar Cloud Layer Record Summialersion 4.2Q..........cccceeeeiieeeeeeeeceeeiieeeeennn. 61
5 km Lidar Cloud Layer Record Summiakjersion 4.20..............ccoevvvvvvvemmmereeeennnnnnn. 61
5 km Lidar Aerosol Lay&ecord Summary Version 4.20..........cccceeevveeeieeeeiieeeieieeeeennn. 62
5 km Lidar Merged Layer Record Summia¥ersion 4.20..........ccccceevveeeeeeeeeieeeiiieeeeennn. 62
Lidar Cloud, Aerosol and Merged Level 2 Layer Metadata Reagedsion 4.2Q.......... 63
Lidar Cloud, Aerosol and Merged Level 2 Layer Single Shot Parain®tersion 4.2Q.65
Lidar Surface Detection Informatiolersion 4.20..............uuuueiiiiiiiiieesiiiieeieiieieieeaeeens 66
Single Shot Lidar Surface Detectigiormationi Version 4.2Q............ccccceevvvvvvvvieeenn.. 67
Lidar 1/3 km Column Descriptor Record: Mergé&tersion 4.20.............vvvvvieieeeeiieennnns 69
Lidar 1/3 km Layer Descriptor Record: Mergatersion 4.2Q..............ovvvvviiieiiicecennnnns 70
Lidar 1 km Column Descriptor Record: Cloud&ersion 4.20.............c.ccceeeeeeeeeesieeervnnnes 71
Lidar 1 knbayer Descriptor Record: Cloudsversion 4.2Q..............cccceeeieeeeiseeecennnnnnnns 71
Lidar 5 km Column Descriptor Record: Cloud&ersion 4.20............c.cccceeeeeeieeesieeervnnnes 73
Lidar 5 km Layer Descriptor Record: Cloud&ersion 4.2Q..............cceeeieeieeseeecvnnnnnnns 75
Lidar 5 km Column Descriptor Record: Aero$olersion 4.20........ccceeeveeeeeeeiiiiiieeennn. 77
Lidar 5 km Layer Descriptor Record: Aero$dlersion 4.20...............cccceevvvvvvveeenn...... 18
Lidar 5 km Column Descriptor Record:riyedi Version 4.20...............vvvviieeiiiceennnnns 79
Lidar 5 km Layer Descriptor Record: Mergadersion 4.2Q..............ccccovvvvvvivieeeeeeeenn. 80
Lidar Level 2 Aerosol Profile Data Record SUummMarersion 3.X...........cceevvvvvvvennnnnnnas 84
Lidar Level 2 Aerosol Profile Metadata ReGOMEISION 3.X.....cccooveiiiiiiiiiiiiiiiieeeeeeeeee 85
Lidas km Aerosol Profile RECOMMIVErsion 3.X........uuuuuuuiiiiiiieee e 86
Lidar Level 2 Aerosol Profile Data Record Summaregrsion 4.2Q............cccceeeeeeeeeenn 89
Lidar Level 2 Aerosol Profile Metadata RedolMErsion 4.20...........uveveveiiinnnnsieeennnnn ) 90
Lidar Level 2 5 km Aerosol Profile Recordersion 4.20.............ccooevviiiiiiiiccneeeeeeennns 91
Atmospheric_Volume_Description Definitlan.............cooviiiiiiieemriiiii e, 92

XXi



Table 70:
Table 71:
Table 72:
Table 73:
Table 74:
Table 75:
Table 76:
Table 77:
Table 78:
Table 79:
Table 80:
Table 81.:
Table 82:
Table 83:
Table 84:
Table 85:
Table 86:
Table 87:
Table 88:
Table 89:
Table 90:
Table 91:
Table 92:
Table 93:
Table 94:
Table 95:
Table 96:
Table 97:
Table 98:
Table 99:
Table 100:
Table 101:
Table 102:
Table 103:
Table 104:
Table 105:
Table 106:
Table 107:

Lidar Level 2 Cloud Profile aRecord Summariy Version 3.X........cccvevvvvvvvennnnnncene. 96
Lidar Level 2 Cloud Profile Metadata ReGOMEISION 3.X........ccceeeeeiviiiiiiiiiieeee e, 97
Lidar Level 2 5 km Cloud Profile ReECOITErsion 3.X............uuuuvueiiiinsiieecrennnnnnnnnnnns 98
Lidar Level 2 Cloud Profile Data Record Sumniavgrsion 4.2Q...........ccccceeeeeeeeenne. 101
Lidar Level 2 Cloud Profile Metadata Redokersion 4.20...............ovvveveniiiimmeennnnns 102
Lidar Level 2 5 km Cloud Profile Recdrtfersion 4.2Q.............ccccovevvvviiiieeneeeeeeeeee, 103
Lidar Level ¥ertical Feature Mask Data Record Sumniakersion 3.X................... 107
Lidar Level 2 Vertical Feature Mask Metadata ReECM@rsSion3.X ........cccceeeeeeeeeeeenn.. 108
Lidar Level 2 Vertical Feature Mask ReAOMEISION 3.X...........ccvvvvvvvvviuninnmmmeeeennnnnns 109
Feature Classification Flag DefinitioRersion 3.X.............uuuvueiiiiiiiicemerernniiiieneeeenns 109
Lidar Level 2 Vertical Feature Mask Data Record Sumima@u30..............cccceeeeeeeenne. 112
Lidar Level 2 Vertical Feature Magkcordi Single Shot Parameter¥ersion 4.20....112
Lidar Level 2 Vertical Feature Mask Metadata Reicdfersion 4.2Q.......................... 113
Lidar Level 2 Vertical Feature Mask Redokersion 4.2Q.........cccceeveeeeiieeiiiiieeeeeeennn. 114
Feature Classification Flag DefinitioRersion 4.20..............ccoeeeeiiiiiiiceeie e, 114

Lidar Level 2 Polar Stratospheric Cloud Profile Data Record Surinvargion 1.x....117
Lidar Level 2 Polartti@tospheric Cloud Profile SDS Metadata Redoxrsion 1.x.....118

Lidar Level 2 Polar Stratospheric Cloud Re€oV8rsionl.X.......cccceeeeeiveeeeeeeiiiieeniennn. 119
Lidar Level 2 Blowing Snow Data Record Sumriiavgrsion 1.00................cccceeeeee 121
Lidar Level 2 Blowing Snow SDS Metadata Retov@rsion 1.00..............ccccceeeennn. 122
Lidar Level 2 Blowing Snow SDSAncillary Fieldsi Version 1.00................cccceeeee. 123
Lidar Level 2 Blowin§gnow SDS Geolocation Fields Version 1.00........................ 123
Lidar Level 2 Blowing Snow SDSSnow Fieldd Version 1.00.........cccccoeeveeiieieeieene, 124
[IR/Lidar Level 2 Track Product SUMMANYErsion 3.X.....ccccceeeeeeeeeeiiiiiiiieenee e 126
[IR/Lidar Level 2 Track Metadata ReCOMErsion 3.X........ccuvveeeeeiiiiiiiiiiceee e 127
[IR/Lidar Level 2 Track Science ReCOMErSioN 3.X........uuuiiviiiiiieeieeiiieeniiiiaeeeeeeeenn 129
IIR Level 2 Swath Product SUMMBAEISION 3.X..........uuvviiiiiiiiieeeeceeeiieie e 132
IIR Level 2 Swath Product Metadata ReEOVEISioN 3.X...........ooeevviiiiniiiiinnnniiinnnnns 133
[IR Level 2 Swath Product Science ReTOVEISION 3. X.......ccceeveviiiiiiiiiiiienneee e 135
Lidar Level 3 Aerosol Data ReCOrTHErsion 3.X.......cooeviiiiiiiivinniimeensseieievseeeeeeeee 138

Lidar Level 3 Aerosol Nadata Recortl Version 3. X......ccccccveeeeeiiiiiiiiiicee e 139

Spatial CoordiNAtES/ErSION 3.X....ccceeeiiieiiieeeieemme e eeer s 140

Meteorological CoNtEXIVEISION 3. X ...ccciiiiiiiiieeeeeiii s ceeeie et e e 140

Surface and Ovilight Parameters Version 3.X.......cccoovevvveiiiiiiieivieeee s 140

Static Lidar Paramet@r¥ersSion 3.X........cuuuuuuuuuuumiiieeeiiriiiisne e eeeen s 141
Aerosol Optical Propertie8ll SpeciesT VErsion 3.X......ccccuuiiiieeiiiiiiiiieeeiineeeeeeeninnnn 141
Aerosol Optical PropertieBust Onlyi Version 3.X.......ccccuuviiiiieiiiiiiiicsiee e, 141
Aerosol Optical PropertieSmoke Onlyi Version 3.X........cccuueuviiiuiueiininneeeeenieennnnns 142

XXil



Table 108:
Table 109:
Table 110:
Table 111:
Table 112:
Table 113:
Table 114:
Table 115:
Table 116:
Table 117:
Table 118:
Table 119:
Table 120:
Table 121:
Table 122:
Table 123:
Table 124:
Table 125:
Table 126:
Table 127:
Table 128:
Table 129:
Table 130:
Table 131:
Table 132:
Table 133:
Table 134:
Table 135:
Table 136:
Table 137:
Table 138:
Table 139:
Table 140:
Table 141:
Table 142:
Table 143:
Table 144:
Table 145:

Aerosol Optical Propertie®olluted Dust Only Version 3.X........ccccovvvvvevvvvvvnniemeenn. 142
Aerosol Type DistributiGNVEersion 3.X.......cceiiiieeeeeeeiieeieieeeie e e e e mnme e 142
Aerosol Spatial Distributie All Speciesi Version 3.X..........cceuuvuuvuuuueniisseeeeennnnnnnnns 143
Aerosol Spatial DistributieiDust OnlyT Version 3.X............uuvueiiiieiiisieesenninnineeeann 143
Aerosol Spatial DistributiorBmoke Only Version 3.X......ccccveeiiieeeeeeeiiiiiieeeiieeeeeeee 143
Aerosol Spatial DistributidnPolluted Dust Only Version 3.X...........eeeiieiieeeeeeeeans 144
Lidar Level 3 Ice Cloud Data Recordersion 1.00............cccccuvvvviiiiimemnineiininnnnnne. 146
Lidar Level &e Cloud Metadata Recordversion 1.00.............ccoooiiivvvviimmnnsnnininnnns 147
Spatial Coordinatesd/ersion 1.00........ccceeiiiieiiiiiiiiiieeee e 148
Meteorological ConteXtVersion 1.0Q.............uuuuiiiiiiii e e e e e s aneeren s 148
Surface and Oviiight Parameters Version 1.00.............ccccoovvviiiiiieeee e, 148
Histogram Bin Boundaried/ersion 1.00...........ccouuuiiuuumiiiiscreeeeieiiiiinee e e e e e e emenrnnans 149
Extinction Coefficient and Ice Watem@nti Version 1.00..............ccooeiiiiiivinnnninnnnd 149
Sampling Version 1.00..........cooooiiiiiiiiiiire e e e e e e e anes 149
Lidar Level 3 Stratospheric Aerosol Profile Data Recdfersion 1.00..................... 151
Lidar Level 3 Stratospheric Aerosol Profile Metadata Récdedsion 1.00................ 152
Spatial CoOrdINALES ... ..uiiie et ceeei e smreeannaes 153
MeteorologiCal CONEXL...........uuuuiiiiiii e e s erene s e e e e e e e e e e e e e e e eeernen s 153
OVeflight ParameterS........oooooi i et emrees 153
532 nm Calibration COeffiCIENLS........ccciiiiiiiiiiiieeer s 153
532 nm Background COMPONENL...........ccoooviiiiiiieee e eeeeeeeeeemmme e 154
532 nm All Aerosol COMPONENT............uuiuuiiiiiimreeeeiti e e e e errer e e e e e e e 154
Lidar Level 3 Cloud Occurrence Data Record Sumimdeysion 1.00....................... 156
Lidar Level 3 Clou@ccurrence Metadata Recdrd/ersion 1.00...........cceevvveiiieeenenns 157
Spatial CoOrdINALES........iiiii e eeeee e sn e 158
MeteorologiCal CONEXL...........uuuuiiiiii et eereee e e e e e e e e e e e e e e e e e e eanen s 158
Surface and OvEiIght Parameters...........ccoeieiiiii e eeeeeeeeee e, 158
Y= 10 1] 0] 11 o SRR 159
Ice Cloud Optical Depth Histogram Boundaries..............cccoovvieeeiiiiiieeeeeeeceeeeeeiis 159
Orvorbit Lidar Profile Horizontal and Vertical Averaging for 532 nm..................... 160
Orvorbit Lidar Profile Horizontal aih Vertical Averaging for 1064 nm...................... 160
Lidar Level 1.5 Instrument Record Sumniaversion 3.5Q.............ccccevvvviiivvieeneenn.. 168
Lidar Level 1.5 Metadata Recordersion 3.5Q...........ccoooviiiiiiiiiiimmmne e 169
Lidar Profile DataVersion 3.5Q..........uuuii e eeeeeeeeer e 170
Lidar Level 1.5 Standard Instrum@etord Summary Version 1.00.............c.......... 175
Lidar Level 1.5 Standard Metadata Retordrsion 1.00..............cooevvviiiviiieemeenneenen. 176
Lidar Profile DataVersion 1.0Q..........uuuuiii e eeecreer e e 177
Core Metadata Record Vdata.............oooviiiiiimmmnieiiiiecieeeiiii e 181

XXili



Table 146:
Table 147:
Table 148:
Table 149:
Table 150:
Table 151:
Table 152:
Table 153:
Table 154:
Table 155:
Table 156:
Table 157:
Table 158:
Table 159:
Table 160:
Table 161:
Table 162:
Table 163:
Table 164:

Archive Metadata Record Vdat@ot included Lidar Version4.x)..........ccceevvvvvvnnns 182

Bit Assignments for the first QC Flagi(Mersion 3.X...........ccevvvvvvvveiniiicceeeenennnnnnnns 183
Bit Assignments for the second QC Flagd (2rsion 3.X........ccccevvvvivviiiiiviienmneeneeee, 184
Bit Assignments for the first QC Flagi(dersion 4.10............ccceeeeevivviiiieenneee e, 185
Bit Assignnmes for the second QC Flag ([2)ersion 4.10.............oevvvvveeiiiiiceennnnns 186
Effective_Particle_Size Uncertainty (track and swath)...............ccccooeeeeeen e 187
High_Cloud_vs_Background Flag (track)...........ccccoviiiiieeeiii e, 187
IIR_Data_Quality (swath) and [IR_Data_Quality Flag (track)...............ccvvveeee.... 188
Lidar_DayNight_Flag (SWath))............ouuuiiuiiireeeiesse e e e 188
Lidar_Quality Flag (IraCk)..........uuiiiiiiii e eeeer s e e 188
MICIOPRNYSICS (TrACK)......eeeeeeitiiiiei s s et e e e e e e e e e e ereer s e e e e e e e e e e e e e e e e eeaaraannneeeeees 188
Multi_Layer Cloud_Flag (traCk)........ccoeeeeeiiiiiiiiieeeee e eeeeeeeeeeeeeee e 189
Particle_Shape_Index (track and swath)..............cccovvieeei e 189
Particle_Shape_Index_Confidence (track and swath)..............cccoveeeeicieenennn. 189
Regional_Background_Standard_Deviation_Flag (track)..............cceevvieeeeieeennnnn. 189
Scene_Flag (SWaLth).........oooviiiiiiier et e e e aneer s 189
Surrounding_Obs_Quality Flag (track)........ccccceeeeieiiiieeeeiie e, 190
TYPE Of SCENE (LrACK).....eueiiriiiiee et erer e e e e e e e e e e e nnne e 191
Bit Assignment for Pixel Quality INdeX............ooovviiiiiiieiiiieeeeeeee e 192

XXiv



Reference Documents

The documents listed in this section contain information that was used to develop this document and/or
information that provides additional reference material that may be useful for a complete understanding
of the CALIPSO data products.

Data products are released by version. In support of the different versions, quality surarearies
written explaining the detailed information supporting the parameters. Quality summaries are available
atthe Atmospheric Science Data Centhttps://asdclarc.nasa.gov.

1. CALIOP Lidar Level | Algorithm Theoretical Basis Document Calibration and Level 1 Data
Products (PESCF201), Release 1.0, 27 April, 2006.

2. CALIOP Lidar Level Il AlgorithmTheoretical Basis Document, Part 1 Mission, Instrument, and
Algorithms Overview (PESCF202.01).

3. CALIOP Lidar Level Il Algorithm Theoretical Basis Document, Part 2 Feature Detection and
Layer Properties Algorithms (RECI202.02), Release 1.01, 27 SeptemB605.

4. CALIOP Lidar Level Il Algorithm Theoretical Basis Document, Part 3 Scene Classification
Algorithms (PCSCF202.03), Release 1.0, 18 October, 2005.

5. CALIOP Lidar Level Il Algorithm Theoretical Basis Document, Part 4 Extinction Retrieval and
Particulate Property Algorithms (P8CF202.04) (draft).

6. CALIPSO Algorithm Theoretical Basis Document, Wide Field Camera (WFC) Level 1
Algorithms (PGSCF205),Release 1.0, 25 October, 2005.

7. lIR Level | Processing Requirements, CNES, Ed. 2, 22 March, 2002.

8. IIR Level I Algorithm Theoretical Basis Document (F8CF203), Version 2.0, IPSL, (draft),
January, 2002.

9. Draft Description of SPIRS, Second Level Processing of Infrared Radiometer Simulations,
December, 2000.

10. Draft Second Level Processing of Infrared Rateter Simulation (SPIRS) Input/Output
Catalog, Laboratoire de Meteorologie Dynamique, Ecole Polytechnique, Version 1, July, 2001.

11. Release 5A SDP Toolkit Users Guide, ECS-8¥3500-001, June, 1999.

12. 184TP-001-002 Terra Spacecraft Ephemeris & Attitude dRreprocessing, Technical Paper,
June, 2001.

13. DRD-14 (Rev F) CALIPSO Payload Data Measurements & Analysis Document, Contract
NASA-99135, 10 December, 2003.

14. CALIPSO Data Management System Data Management Plarf(#602), NASA, February,
2001.

XXV


https://asdc.larc.nasa.gov/

15.

16.

17.

18.

19.

20.

The Internéional System of Units (Sl), Ed. by Barry N. Taylor, National Institute of Standards
and Technologypecal Publication3302001Edition (U.S. Government Printing Office,
Washington2001).

Consultative Committee for Space Data Systems (CCSDS) RecommenfiatiSpace Data
System Standards: Time Code Formats, Issue 2,-832,0April, 1990.

HDF Users Guide Version 4.1r3, National Center for Supercomputing Applications, University
of lllinois at UrbanaChampaign, January, 1995.

GMAO Office Note No. 2 (Versin 1.1), File Specification for GEQS FRIT, 11 December,
2012

Winker, D. M., J. Pelon, J. A. Coakley, Jr., S. A. Ackerman, R. J. Charlson, P. R. Colarco, P.
Flamant, Q. Fu, R. Hoff, C. Kittaka, T. L. Kubar, H. LeTreut, M. P. McCormick, G. Megie, L.
Poole, K. Powell, C. Trepte, M. A. Vaughan, B. A. Wielicki, 2009TehCALIPSO Mission: A

Gl obal 3D View Of Aerosols And Cloudso, acc:¢

The following publicationsre available through the American Meteorological Societnen
portal athttp://www.amesoc.org/ The journal name i3ournal of Atmospheric and Oceanic
Technology.

Hu, Y., D. Winker, M. Vaughan, B. Lin, A. Omar, C. Trepte, D. Flittner, P. Yang, W. Sun, Z.

Liu, Z. Wang, S. Young, K. Stamnes, J. Huang, R. Kuehn, B. Baum and R. Holz, 2009:

A CIAl PSO/ CALI OP Cl oud Phase Discriminatéon Al
2293 2309,d0i:101175/2009JTECHA1280.1

Hunt, W. H, D. M. Winker, M. A. Vaughan, K. A. Powell, P. L. Lucker, and C. Weimer, 2009:
ACALI PSO Lidar Descei ptise& Atmos.dotdargcrTéconda n
12141228, doi:10.1175/2009JTECHA1223.1.

Liu, Z., M. A. Vaughan, D. M. Winker, C. Kittaka, R. E. Kuehn, B. J. Getzewich, C. R. Trepte,
and C. A. Hostetler, 2009: AThe nd@icviVerBd&®Q@ Li d:
Al gorithm and I nitial J Amcs.eseanmcdechnd®6 1198P er f or me
1213, doi:10.1175/2009JTECHA1229.1.

Omar, A., D. Winker, C. Kittaka, M. Vaughan, Z. Liu, Y. Hu, C. Trepte, R. Rogers, R. Ferrare,

R. Kuehn, C. Hostedl r 20009: AfThe CALI PSO Automated Ae
Rati o Sel ec tlJiAimos. Adeanic Techindon1®942014, doi:10.1175/2009
JTECHA1231.1.

Powell, K. A., C. A. Hostetler, Z. Liu, M. A. Vaughan, R. E. Kuehn, W. H. Hunt, K. Ce®&.

Trept e, R. R. Roger s, S. A. Young, and D. M.
Algorithms: PartFNi ghtti me 532 nm Parall el Chaninel a
Atmos. Oceanic TechnpP6, 2015 2033, doi:10.1175/2009TECHA1242.1.

Vaughan, M., K. Powell, R. Kuehn, S. Young, D. Winker, C. Hostetler, W. Hunt, Z. Liu, M.

Mc Gi | |, B. Get zewi ch, 20009: AFul ly Aut omat e
CALI PSO Li dar Jvwdnaos. Oceanio&athn®6) 20342050, doi

XXVi


http://www.ametsoc.org/

10.1175/2009JTECHA1228.1.

Winker, D. M., M. A. Vaughan, A. H. Omar, Y. Hu, K. A. Powell, Z. Liu, W. H. Hunt, and S.
A. Young, 20009: fOverview of the CALI PSO Mi ¢
Al g o r iJt Aimos. Oceanic Technd6, 23102323, doi:D.11752009JTECHA1281.1.

21.Garnier, A.,J. Pelon, P. Dubuisson, M. Feey O. Chomette, N. Pascal, and ®.Kratz, 2012:
ARet r i eloud Propaerties uSing CALIPSO Imaginnfrared Radiometer, Part |. Effective
Emissivity and Optical B p t Jr Appl.Meteorol. Clim, 51, 14071425 doi:10.1175/JAMED-11-

0220.1

22.Garnier, A., J. Pelon, P. Dubuisson, P. Yang, M. Faivre, O. Chomette, N. Pascal, P. Lucker, and T.
Murray, 2013: fARetrieval of c¢cloud properties
Ef fective Di amet &.rAppa Meteorh@aia52 RE8E 2599 ddP 0 L IVHIAMCE

D-12-0328.1.

XXVii



Acronyms

AFWA
ASDC
ATBD
BATC
CALIOP
CALIPSO
CAPS
CCD
CCR
CCSDS
CERES
CNES
CRS
DPC
DPREP
DCR
DEM
DMS
DMSP
DRD
ECI
ECR
ECS
EOS
EOSDIS
EROS
GMAO
GMT
HDF
HU
ICD
IFOV
IGBP
IR
IPSL
LaRC
LATIS
LSWG
MET
MOCC
N/A
NISE

Air Force Weather Agency

Atmospheric Science Data Center

Algorithm Theoretical Basis Document

Ball Aerospace and Technologies Corporation

Cloud-AerosolLidar with Orthogonal Polarization

Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations
CALIPSO Automated Processing System

Charge Coupled Device

Configuration Change Request

Consultative Committee f@pacecraft Data Systems

Clouds and the Earthodés Radiant

En

Centre National D6Etudes Spatial e:

CERES Clouds and Radiative Swath Data Product
Data Products Catalog

Data Preprocessing

Document Change Request

Digital Elevation Models

Data Management System

Defense Meteorological Satellite Program

Data Requirements Description

Earth Centered Inertial

Earth Centexd Rotation

EOSDIS Core System

Earth Observing Systems

Earth Observing System Data and Information System
Earth Resources Observation System

Global Modeling and Assimilation Office
Greenwich Mean Time

Hierarchical Data Format

Hampton University

Interface Control Document

Instantaneous Field of View

International Geosphere Biosphere Programme
Imaging Infrared Radiometer

Institut Pierre Simon Laplace

Langley Research Center

Langley TRMM and Terra Information System
Lidar Science Workingsroup

Meteorological Data

Mission Operations Control Center

Not Applicable, Not Available

Near Reallime Ice and Snow Extent

XXVili



Acronyms

NSIDC National Snow and Ice Data Center
PDDS Payload Data Delivery System
PGE Program GeneratioBxecutable
PM Passive Microwave
PSC Polar Stratospheric Cloud
SDP Science Data Production
SDS Scientific Data Set
Sl System International of Units
SSAI Science Systems and Applications Inc.
SSM/I Special Sensor Microwave/lmager
TAI InternationalAtomic Time
TBD To Be Determined
TRMM Tropical Rainfall Measuring Mission
UNL University of Nebraskd.incoln
USGS U.S. Geological Survey
uTC Universal Time Conversion
VFM Vertical Feature Mask
WFC Wide Field Camera
Symbols, S| Units
AU astronomical unit
deg degree
C degres Celsius
hPa hectopascal
J joule
K kelvin
km kilometer
m meter
mb millibar
ms millisecond
nm nanometer
Pa pascal
per, % percent
S, sec second
sr steradian
\% volt
W watt
nmm micron, micrometer

XXX



Data Type Abbreviations

Char Character, 8 bits or 1 byte

Float_32 Floating point, 32 bits or 4 bytes
Float_64 Floating point, 64 bits or 8 bytes
Int_ 8 Integer, 8 bits or 1 byte

Int_16 Integer, 16 bits or 2 bytes

Int_32 Integer, 32 bits or 4 bytes

MB Mbytes, megabytes, bytes/1624
Uint_8 Unsigned integer, 8 bits or 1 byte
Uint_16 Unsigned integer, 16 bits or 2 bytes
Ulnt_32 Unsigned integer, 32 bits or 4 bytes

XXX



1.0 Introduction

The Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) missi@ is
continuing ollaboraton effort between the NASAangley Research Center (LaRC) ahé Centre
Nati onal D6 Et u d) eostudg globdl radiative effec{s @ME&OS and clouds on climate.
Sinceits launch on April 28, 2006, CALIPSO has been providing nearly continuous measurements of
the vertical structure and optical properties of clouds and aetosoiprove our understanding of their
rol e i n clintate sy&emrahdhiadiraprove the performance of a variety of models ranging from
regional chemical transport to global circulation models used for climate prediction (Winker et al., 2010)

The CALIPSO payload consists of threealmned, neanadir viewng instruments: a-@avelength
polarizationsensitive lidar, an imaging infrared radiometer (lIR), and a-hégllution wde field

camera (WFC). CALIORs the name of the CALIPSO lidar and is an acronynCloud-Aerosol Lidar

with Orthogonal PolarizationThe lidar profiles provide information on the vertical distribution of
aerosols and clouds, cloud particle phase, and classification of aerosoltsizéCALIOP laser
transmitter subsystem transmits laser light simultaneously at 532 nm and 1064 natsatragetition

rate of 20.16 Hz. The CALIOP receiver subsystem measures backscatter intensity at 1064 nm and at two
orthogonally polarized components of the 532 nm backscattered signal.

The IIR provides medium spatial resolution nadir viewing image$4&t 80.6, and 12.0&m, providing
information on cirrus cloud particle size and infrared emissivity. The WFC digital camera collects
daytime high spatial resolution imagery in the 6 8Y0 nm wavelength range and is used to ascertain
cloud homogeneity, diin cloud clearingandprovide meteorological context.

CALIPSO orbits in formation with other spacecraft in thdrain satellite constellation, and proesl
complementary, neaimultan@us, observations with the other active and passive instruments in the
constellatiorto better understand the effects of clouds and aerosols on climate, weather, and air quality.

The Data Management System (DMS) uses the CALIPSO Automated Processing (8ARS®) to

convert the CALIPSO instrument data into scientific data products. A high level view of the CALIPSO
DMS is illustrated in the Top Level Data Flow Diagram shown in Figure 1. The data flow diagram
depicts the relationship between the data procaradsthe subsystems that produce them. Circles in the
diagram represent algorithm processes called subsystems. Subsystems are a logical collection of
algorithms, which together convert input data products into output data products. Boxes with arrows
enterng a circle are input data sources for the subsystem, while boxes with arrows exiting the circles are
output data products.

1.1 CALIPSO Data Products

Instrument data is transmitted from the satellite to the ground station once per day and transferred to the
Level O processing facility to packetize, time order, archive and transfer to the DMS at NASA Langley
Research Center for autonomquecessingThe DMS generates a wide variety of data products at
varying levels of maturity and latencyhe instrument dats combined with ancillary data sets such as
meteorological, ephemeris, instrument status, and global reference products to enhance the quality and
accuracy of the data productsdar Level 1 data values consist of geolocated profiles|ddfreded lidar

return signalsLevel 1 IR and WFC data osist of calibrated radianceBhere are threg/pes of Lidar

Level 2 productslayer products (cloud and aerosol), profile products (backscatter and extinction) and a
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vertical feature mask (cloud and aerosohloans and type). IR Level 2 products are provided based on
the IIR Swath (all pixels across swath) and IIR Track @dent with lidar footprints)Lidar Level 3
products contain monthigiveraged parameters that are mapped onto a uniform spatial grid.

The highest quality data products generated by the DMS are referred to as Standard data products. These
products have a-2 day latency to incorporate the global meteorologacal other reference products.

Night and Day orbit segments are writtersépaate data filesThese products are described in greater

detail throughout this documen full set of browse images, including orbit track maps, are generated

and posted to the science data wa&b. Standard data products are recommended for reseadiss st

and journal publications.

Expedited data products for all three instruments have a shorter production latency because they use the
latest meteorological and calibration parameters available dinteeof data productionThese data
products contai®0-minute segments of combined night and day orbits, and a full set of browse images
also available through the science data sith Expedited products are archived and available within a

few hours after instrument data is received at the DWKrs arestrongly cautioned against using
Expedited data products as the basis for reseamtindjs or journal publication§tandard data sets only

should be used for these purposes.

Quicklook data products are also available, by special request, for field msissibregional events or
studies.The Quicklook products are regional subsets that receive priority transfers and processing and
use a climatology instead of waiting on meteorological param@&erase images and data subsets are
provided through a weinterface for quick download.

The CALIPSO project has also developed several special products such as an Expedited Level 1.5 near
real time product released to operational forecast cemsen®ll as a suite afidar Level 3aerosol and
clouddata produ& The Expedited Level 1.5 data set is a merged product using the Lidar Level 1 data,
Level 2 Aerosol profiles and Level 2 Vel Feature Mask informatiorit provides continuous,
calibrated and getmcated profileof cloudcleared datalThe Lidar Level 3ata producaremonthly
averaged data saderived using.idar Level 1 and.idar Level 2 products and maps aerosotl cloud
parameters onto a uniform space and time grid.
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Figure 1. CALIPSO Top Level Data Flow Diagram



The CALIPSO Data Products Catalog (DPC) is intended to provide an overview of the data products
that are used or produced by the Data Management System. The LaRC Atmospheric Science Data Centel
(ASDC) processes, archives, and disseminates the CALIPSO datetgrodHierarchical Data Format

(HDF) to the scientific community. The emphasis in this document is on the external interfaces with the
LaRC ASDC for standard science data processing. Additional updates will be made as the product
definitions mature.

Data are released by versigks each new version is released, quality summaries are written to provide
detailed information on changes to the derivation and/or quality assessment of both existing and, when
appropriate, new parameters. The CALIPSO DPC canthm definitive listing of al parameters

contained in each of the publicly distributed CALIPSO data files. The quality summaries, along with
the CALIPSO data usersod guide, provide par amet ¢
data usageQuality summaries are availableonthe mos pher i ¢ Scivwebgste Dat a C
https://asdc.larc.nasa.gov

The userso6 guide is available on the CALIPSO w¢
https://www-calipso.larc.nasa.gov/resources/calipso users guide/

For the Version 3.x rease, he CALIPSO data product naming convention is defined as:
[Investigation]_[Subsystem]_[Level] _[ProductHDyaturityLevel-[Version].[Instance].hdf
where

Investigation = Mission Name, CAL

Subsystem = [LID|IIR|WFC]

Level = Product Level, e.g., LO, L1, L23 or L15

ProductID = Product Identificatiorfor different data products generated at the same
processing level.
For Version 3.xstandad processing, Product IDs af€AL, IIR, 1Km,
125m, 333mCLay, 01kmCLay)5kmCLay, 05kmALay, SkmAProCal,
05kmCPro, VFM, PSCMask APro_AlISky, APro_CloudFree,
APro_CloudySkyTransparent, APro_CloudySkyOpdque

For Version 3.xexpeditedprocessing, data products are identified by
appending 6 _Exp6é to the standard
processing Product IDs are thusEkp, 05kmAPro_Exp, VFM_Exp,
01kmCLay_Exp, 05kmALay Exp, 05kmCLay_ Exp, 05kmCPro_Exp,
333mCLay_Exp, Track_Exp,Swath_Exp, 125m_Exp,1Km_Exp,
IIR_EXxp].

Maturity Level = ldentifier specifying the overall validation level assigned to the data
product; data products may contain individual parameters with varying
validation levels (see table below).

Version = Version information, e.g., V3.01

Instance =YYYY -MM-DDThh-mm-ssZ4D|N]


https://asdc.larc.nasa.gov/
https://www-calipso.larc.nasa.gov/resources/calipso_users_guide/

CALIPSO Version 3.x Data Product Maturity/Validation Levels
Earlyrelease products for users to gain familiarity with data form
and parameters. Beta products had not been validated at time of
Beta: release and many include both known and unknown artifdstss
should proceed with caution when using these data products as
the basis for research findings or journal publications.

Limited comparisons with independent sources have been made
obvious artifacts fixed.

Uncertainties are estimated from independent measurements at
selectedocations and times.

Uncertainties are estimated from more widely distributed indepel
measurements.

Uncertainties are estimated from independent measurements
representing global conditions.

Provisional:

Validated Stage 1:

Validated Stage 2:

Validated Stage 3:

For example, theile named CAL_LID_L1ValStage1Vv3-01.200705-01T0%20-09ZN.hdf would
contain the following:

Investigation: CAL {.e., theCALIPSO mission),

Subsystem: LIDi(e., Lida,

Level: L1(i.e., Level 1)

ProductIDi none for level 1 data

Maturity Levelor Releas named: ValStagel,

Version: V301

Instance:
o Date 1 May, 2007 (data measurement date), (BE071)
o Time of first record: 1 hour, 20 minutes, 9 seconds {Z0:09)
o Nighttime conditions (N)

E

The data product version information is defined using the X.Y&by where

X T Major Release Number
- tracks a major software release
YY i Minor Release Number
- tracks a minor software release, e.g., change in GMAO data version, code or
algorithm updates



For theLidar Levels 1 and Xersion 4.x releaselIR Level 1 Version 2.00, and all products which depend
on these new versions as inghe CALIPSO data product file names are constructed using a slightly differen
convention, as follows:

[Investigation]_[Subsystem]_[Level]_[ProductHpProductionStragy}-[Version].[Instance].hdf
where

Investigation
Subsystem
Level
ProductID

Mission Name (always CAL)

LID, IIR, or WFC

Product Level; e.g., LO, L1, L2, L3 or L15

Product Identification (1Km, 125m, VFN833mMLay, 01kmCLay,
05kmClLay, 05kmALayp5kmMLay, G6kmAPro,
05kmCProPSCMaskIce_Cloud Stratospheric_APro
BlowingSnow_RegionCloud_Occurrenge

Identifier specifying the production strategy used to generate the product (
table below)

Version informatior(e.g., V410)

YYYY -MM-DDThh-mm-ssZ[D|NA]

ProductionStrategy

Version
Instance

CALIPSO Data Product Production Strategies

Preliminary data products for which science algorithms, file con!
Test and/or file structure are still under development; not pub
distributed.

Early release products for users to gain familiarity with data for|
and parameters; not generally available for public downBeztucts
designated as Obetad should r
findings or journal publications.

Very rapid processing to ensure earliest distribution at the exper
some degradation of data quality; calibration coefficients maj
obtained from historical data; level 2 analyses use most rec
available ancillary data.

Rapid processim to ensure early availability at the expense of s
degradation of data quality; calibration and level 2 analyses use
recently available ancillary data, which may represent condi
several days prior to the CALIPSO measurements.

Highestquality data; ancillary data is spatially and temporally matc
Standard to the CALIPSO measurements, thus guaranteeing the best pc
calibration and most reliable level 2 retrievals.

Beta

Quick Look

Expedited




For example, the file named CAL_LID_tS3tandarev4-10.200705-01T02120-09ZN.hdf would contain the
following:

Investigation: CAL (i.e., the CALIPSO mission),

Subsystem: LID (i.e., Lidar)

Level: L1 (i.e., Level 1)

ProductIDi none for level 1 data

ProductionStrategyStandard

Version: V410

Instance:
o Date 1May, 2007 (data measurement date), (206-01)
o UTC time of first record: 1 hour, 20 minutes, 9 seconds {2B092)
o Nighttime conditions (N)

=4 =4 =4 -8 -9 _9_-°

The data product version information is defined using the X.YY format, where

X T Major Release Number
- tracks a mpr software release
YY i Minor Release Number
- tracks a minor software release, e.g., change in GMAO data version, code or algorithm
updates

Versions 3.x and 4.Xincludes IIR Level 1 Version 2.00, LeweP & 3 Version 1.x)data products will
be run in tandem for the foreseeable future, but at some poddta will onlybe forward processed for
4.X.

There are four categories of products and they are listédhble 1through Table3. These categories
are described in the following summary.

Table* Science Archival Data Product©utput products, permanently stored by the LaRC
ASDC, formatted in HDF, and available for distribution to the scierddimmunity.

Table 2: Level 0 Productsinput payload products, permanently stored by the LaRC ASDC, and
not available for distribution.

Table 3 Ancillary Products Input products, permandy stored by the LaRC ASDC, needed to
interpret the payload measurements, and not availabdistribution.

Table 4 Engineering Products: Outppitoducts, permanently stored by the LaRC ASDC, required
determining the health and calibration of the instruments and not available for
distribution.

The tables list the subsystems that produce or use the data products; a descriptive data produet name, th
product spatial and temporal coverage; the file size; and the total daily and monthly data volumes. The
data products that have parameters fully described in subsequent sections of this document have their



corresponding DPC Table Number Reference lipaenthetically to the right of the data product name.

The monthly size is based on 30 days.

Table 1: CALIPSO Science Archival Data Product Summary

. Temporal | _.. . S
Sub- Spatial File Size| Daily Size| Monthly
system Product (DPC Reference Table(s)) Coverage Ccz;:resr?ge (MB) (MB) Size (MB)

1.1 |Lidar Level 1i Day (6)i Version 3x Profile 0.83 495.249 7,428.735 222,862.05

1.1 | Lidar Level 11 Night (6)1 Version 3x Profile 0.83 495.249 7,428.735 222,862.05

1.1 |Lidar Level 11 Day (11)i Version 4.10 Profile 0.83 496.430, 7,446.450 223,393.5(

1.1 |Lidar Level 1i Night (11)i Version 4.10 Profile 0.83 496.430 7,446.450 223,393.5C

1.2 |IIR Level 17 Day (16) i Version 1.x Swath 0.83 50.022 750.33] 22,509.9

1.2 |IIR Level 17 Night (16) i Version 1x Swath 0.83 50.022 750.33] 22,509.9

1.2 |IlIR Level 17 Day (20)i Version 2.00 Swath 0.83 50.022 750.33] 22,509.9

1.2 |IIR Level 17 Night (20)i Version 2.00 Swath 0.83 50.022 750.33] 22,509.9

1.3 | WFC Level 1 Registered Day Only @4)? Swath 0.83 44.907 673.60| 20,208.00

1.3 | WFC Level 1 Nativé Day Only @5)? Swath 0.83 45.240 678.60| 20,358.00

1.3 | WFEC Level 1125mi Day Only £6)2 Swath 0.83 151.622| 2,274.33 68,229.90

15 lear_ Level 1.5 Standard Day (142) i Profile 0.83 32.46 486.90| 14,607.00
Version 100

15 lear_ Level 1.5 Standard Night (142) 1 Profile 0.83 32.46 486.90| 14,607.00
Version 100

51 lear_ Level 2 1/3 km Cloud LayérDay (31) i Profile 0.83 60.049] 900.735 27,022.05
Version 3.x

21 .Il_|dar L_evel 2 1/3 km Cloud Layér Night (31) Profile 0.83 60.049| 900.735 27,022.05
I Version 3.x

21 lear_ Level 2 1 km Cloud.ayeri Day (32) i Profile 0.83 35.773| 536.595 16,097.85
Version 3.x

21 lear_ Level 2 1 km Cloud Layér Night (32) i Profile 0.83 35.773| 536.595 16,097.85
Version 3.x

21 lear_ Level 2 5 km Cloud Layér Day (33) i Profile 0.83 12.828 192.42| 5,772.60
Version 3.x

21 lear_ Level 2 5 km Cloud Layer Night (33) i Profile 0.83 12.828 192.42| 5,772.60
Version 3.x

21 lear. Level 2 5 km Aerosol LaydrDay (34) i Profile 0.83 11.610 174.15| 5,224.50
Version 3.x

21 .Il_ldar L_evel 2 5 km Aerosol Layér Night (34) Profile 0.83 11.610 174.15] 5,224.50
I Version 3.x

21 lear. Level 2 Aerosol Profilei Day 63) i Profile 0.83 149.433 2,241.495 67,244.85
Version 3.x

21 lear. Level 2 Aerosol Profilei Night (63) i Profile 0.83 149.433 2,241.495 67,244.85
Version 3.x

21 Iélgi(ar Level 2Cloud Profilei Day (70) i Version Profile 0.83 106.432 159648 47,894.4

51 lear_ Level 2 Cloud Profilei Night (70) 1 Profile 0.83 106.432 1,596.48 47,894.4
Version 3.x




Temporal

Sub- Spatial File Size| Daily Size| Monthly
system Product (DPC Reference Table(s)) Coverage Ccz;:resr?ge (MB) (MB) Size (MB)

21 .I."dar L_evel 2Vertical Feature Mask Day (76) Profile 0.83 45.927| 688.905 20,667.15
I Version 3.x

21 lea.r. LeveI.2Vert|caI Feature Mask Night Profile 0.83 45.927| 688.905 20,667.15
(76) i Version 3.x

03 |LidarLevel 2 Polar Stratospheric Cloud Daily| 00 | 1945 | 98700| 98709 2961.27
Night (85) i Version 1.x

21 _I__|dar L.evel 2 1/3 kmMergedLayeri Day (4) Profile 0.83 66.04 990.60 | 29,71800
I Version 420

21 _I__|dar L.evel 2 1/3 kmMergedLayeri Night (44) Profile 0.83 66.04 990.60| 29,71800
I Version 420

21 lear. Level2 1 km Cloud Layer Day (%) i Profile 0.83 4176 626.40| 18,79200
Version 420

21 lear. Level 2 1 km Cloud Layér Night (45) i Profile 0.83 4176 626.40| 18,79200
Version 420

21 lear. Level 2 5 km Cloud Layér Day (46) i Profile 0.83 91.77| 1,37655| 41,296.50
Version 420

21 lear_ Level 2 5 km Cloud Layér Night (46) i Profile 0.83 91.77| 1,376.55| 41,296.50
Version 420

21 lear_ Level 2 5 km Aerosol LaydrDay (47) 1 Profile 0.83 90.94| 1,368.75 40,923.00
Version 420

21 .I."dar L_evel 2 5 kmAerosol Layeifi Night (47) Profile 0.83 90.94| 1,368.75 40,923.00
I Version 420

21 lear_ Level 2 5 km Merged LayérDay (48) 1 Profile 0.83 101.37] 1,520.55 45,616.50
Version 420

21 lear_ Level 2 5 km Merged LayérNight (48)i Profile 0.83 101.37] 1,520.55 45,616.50
Version 420

21 lear. Level 2 Aerosol Profilei Day 66) i Profile 0.83 14347 | 2,152.05 64561.50
Version 420

21 lear. Level 2 Aerosol Profile Night (66) i Profile 0.83 14347| 2,152.05 64561.50
Version 420

21 IA_rlggr Level 2Cloud Profilei Day (73) i Version Profile 0.83 10787| 1,618.05| 48541.50

21 lear. Level 2 Cloud Profilei Night (73) i Profile 0.83 10787| 1,618.05| 48541.50
Version 420

51 .Il_|dar L_evel 2 Vertical Feature MaskDay 80) Profile 0.83 45.24 678.60[ 20,35800
I Version 420
Lidar Level 2 Vertical Feature MagkNight ' 45.24 678.60| 20,35800

2.1 (80) i Version 420 Profile 0.83

24 lea.r. Level_ 2 Blowing Snow RegionMonthly Globe 744.0 4,522.17 0 4,522.17
(88) 1 Version 1.00

2.2 | lIR/Lidar Level 2Tracki Day ©@3)i Version 3.x, Track 0.83 5.111 74.1100 2,223.30

29 gF){(/Udar Level 2 Tracki Night (93) 1 Version Track 0.83 5.111 74.1100 2,223.30

2.2 |IlIR Level 2 Swath Day (%) 1 Version 3.x Swath 0.83 112.282 1,684.23 50,526.50

2.2 |IlIR Level 2 Swath Night (96) i Version 3.x Swath 0.83 112.282) 1,684.23 50,526.50

31 Lidar Level 3i Aerosol Profile All Skyi Globe 744.0 180,404 0 180.404

Monthlyi Day (D) i Version 3.x




Temporal

Sub- Spatial File Size| Daily Size| Monthly
system Product (DPC Reference Table(s)) Coverage Ccz;:resr?ge (MB) (MB) Size (MB)

Lidar Level 3i Aerosol Profile All Skyi

3.1 Monthly 7 Night (99) i Version 3.x Globe 744.0 180.404 0 180.404
Lidar Level 3i Aerosol Profile Cloud Free

3.1 Monthlyi Day (®) i Version 3.x Globe 744.0 180.404 0 180.404
Lidar Level 3i Aerosol Profile Cloud Free

3.1 Monthly Night (99) i Version 3.x Globe 744.0 180.404 0 180.404
Lidar Level 3i Aerosol Profile Cloudy Sky

3.1 Transparerit Monthly i Day () i Version 3.x Globe 744.0 180.404 0 180.404
Lidar Level 3i Aerosol Profile Cloudy Sky

3.1 | Transparent Monthlyi Night (99) 1 Version Globe 744.0 180.404 0 180.404
3.X
Lidar Level 3i Aerosol Profile Cloudy Sky

3.1 Opaque Monthly7 Day (®) i Version 3.x Globe 744.0 180.404 0 180.404
Lidar Level 3i Aerosol Profile Cloudy Sky

3.1 Opaque Monthly i Night (39) 7 Version 3.x Globe 744.0 180.404 0 180.404
Lidar Level 3i Ice Cloudi Monthlyi Day

3.3 (114) i Version 1.00 Globe 744.0 465.04 0 465.04
Lidar Level 3i Ice Cloudi Monthlyi Night

3.3 (114) i Version 1.00 Globe 744.0 465.04 0 465.04

33 .I."dar L_evel 31 Ice Cloudi Monthlyi All (114) Globe 744.0 465.04 0 465.04
I Version 1.00
Lidar Level 3i Stratospheric Aerosdl Monthly

3.2 i Night (122) i Version 1.00 Globe 744.0 2.23 0 2.23
Lidar Level 31 Cloud Occurrencé Monthly i

3.4 Day (130) | Version 1.00 Globe 744.0 25558 0 25558
Lidar Level 31 Cloud Occurrencé Monthly i

3.4 Night (130) i Version 1.00 Globe 744.0 25558 0 25558
Lidar Level 31 Cloud Occurrencé Monthly i

3.4 All (130)i Version 1.00 Globe 744.0 25558 0 25558

1.1 | Lidar Level 11 Expedited(6)i Version 3.x Profile 15 848.062| 13,568.992 407,069.76

1.2 |IIR Level 17 Expedited(16) i Version1.x Swath 15 90.663| 1,359.945 40,798.35

1.3 | WFC Level 1 Registered Expedited 24)?7 Swath 0.83 44.907 673.60| 20,208.00
Version 3.x

1.3 | WFC Level 1 Nativé Expedited(25)?1 Swath 0.83 45.240 678.60| 20,358.00
Version 3.x

1.3 | WFC Level 1 125ni Expedited 26)?1 Version | Swath 0.83 151.622| 2,274.33 68,229.90
3.X

15 ;'ggr Level 1.5 Expedited (B9) 1 Version Profile 15 68.32| 1,024.80 30,744.00

2.1 |Lidar Level 2 1/3 km Cloudayeri Expedited | p g0 15 213.899 3,422.384 102,671.57
(31D i Version 3.x

2.1 lea.r. Levell 2 1 km Cloud.ayeri Expedited Profile 15 61242 979.87| 29.396.16
(32) i Version 3.x

2.1 L|da.r. Level_ 2 5 km Cloud.ayeri Expedited Profile 15 21,950 351.20| 10,536.00
(33) i Version 3.x

2.1 L|da.r. Level_ 2 5 km Aerosdlayeri Expedited Profile 15 10.864| 317.824 9534.72
(34) 7 Version 3.x

2.1 |Lidar Level 2 Aerosol Profilé Expedited(64) i | Profile 15 255.873 4,093.968 122,819.04

Version 3.x
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. Temporal | _., . S
Sub- Spatial File Size| Daily Size| Monthly
system Product (DPC Reference Table(s)) Coverage Ccz;:resr?ge (MB) (MB) Size (MB)
2.1 |Lidar Level 2 Cloud Profilé Expedited(71) 1 Profile 15 182.239 2,915.824 87,474.72
Version 3.x
2.1 |Lidar Level 2 Vertical Feature Mask )
Expedited(77) i Version 3.x Profile 15 78629 1,258.064 37,741.92
2.2 | lIR/Lidar Level 2 Track Expedited(93) Track 15 9.263 148.208 4,446.24
2.2 | lIR Level 2 Swathi Expedited(96) Swath 15 195.859 3,133.744 94,012.32
File, Daily, and Monthly Totals 15,461.778 | 110493422 | 3,322,652412
1) June 13, 2006 June 2, 2014
2) June 3, 2014 Present
Table 2: CALIPSO Level 0 Input Data Product Summary
Sub- Product Spatial E%ngaé Product | Daily Size | Monthly
system Coverage (hrs) g Size (MB) (MB) Size (MB)
1.1 Lidar Level O Profile 1.65 (1 orbit) 157.85 2,295.94, 683878.32
1.2 |lIR Level O Swath 1.65 (1 orbit) 66.15 962.12| 28863.69
1.3 |WFC Level 0 Swath 1.65 (1 orbit) 15.36 223.39 6,701.75
Daily and Monthly Totals 239.36 3,481.45 104,443.76
Table 3: CALIPSO Ancillary Input Data Product Summary
Sub- Product Spatial Temporal Product | Daily Size | Monthly
system Coverage Coverage Size (MB) (MB) Size (MB)
0.2 Ephemeris N/A Daily 0.50 0.50 15.00
0.1 |LO Attitude N/A Daily 5.53 5.53 165.90
0.1 LO GPS N/A Daily 4.84 4.84 145.20
1'12’3'1’ Daily GMAO2 Global Daily 883.00 7,061.00 218,855.00
2.2 IGBP Ecosystem Global Static 933.12 933.12 933.12
1.1,1.3 | DEM Global Static 20,544 20,544| 20,544.00
2.2 | AFWA Snow/lce Global Daily 2.30 2.30 69.00
1.1-1.3 | Land/Water Coverade Global Static N/A N/A N/A
Dynamic Daily and Monthly Totals 22,373.29 28,551.29 240,727.22
1) Land/Water Coverage part of Toolkit DEM; sizes already included
Table 4: CALIPSO Engineering Data Product Summary
Sub- Product Spatial Temporal Product | Daily Size | Monthly
system Coverage Coverage Size (MB) (MB) Size (MB)
1.1 Lidar Calibration N/A 24 hours 6.11 6.11 183.30
1.2 IIR Calibration N/A Per Orbit 24.15 351.29] 10,538.73
1.3 | WFC Calibration N/A 24 Hours 6.36 6.36 190.80
1.3 WFC Raw Data N/A variable 0.01 N/A N/A
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Sub- Product Spatial Temporal Product | Daily Size | Monthly
system Coverage Coverage | Size (MB) (MB) Size (MB)
Daily and Monthly Totals 36.63 363.76| 10,912.83
Table 5. CALIPSO DMS Total
Product Category Reference Table Daily Size (MB) Monthly Size (MB)
Science 1 30,112.22 859,365.5(
Level 0 2 3,481.45 104,443.76
Ancillary 3 22,373.29 240,727.22
Daily and Monthly Totals 55,966.96 1,204,536.4¢

2.0 Archival Data Products

This sectiondescribes the CALIPSO data products, which are permanently archived at the Langley
ASDC. Each data product is a single file in HDF format. Each subsection contains a brief overview of
the purpose and content of the data product followed by one or moes teing every parameter
contained in the product. The following data attributes are described in the overview sections:

Leveli Data product levels are definbdsed orEOS definition$

Typei Data type (Science Archival, Level 0, Ancillary,Bmngineering)

1
1
1 Frequency How often the product is received or produced
1

Time interval Covered

o Filei Time period covered within this file

1 Spatial resolution

o Recordi Vertical and horizontal coverage
1 File Name(s)i The name of the data product (Listed wittodRuction Strategy, Version, and

Instance)

Additional tables contain the following attributes for each parameter:

il
il
il
1

Parameter Namie Name of parameter
Data Type Data type definition of the parameter value
Unitsi Units of the parameter value
Rangei Rangeof values for the parameter (Note: For many paramdieBange 0 i

ndi

nominal range physicallgneaningful valuesSome small fraction of values may fall outside this
range due to noise. Check the associated Uncertainty and QA parameters forcegoidalata

quality.)

1 Elements/Record elements per record for this parameter

Total file sizes also are provided.

ca

1) Level O Reconstructed unprocessed instrument/payload data at full resolution; any and all communications
artifacts (e.g. syncbnization frames, communications headers) removed.

12



Level 1A: Reconstructed unprocessed instrument data at full resolutionreferenced, and annotated with
ancillary information, including radiometric and geometric calibration coefficients and gearferparameters
(i.e., platform ephemeris) computed and appended, but not applied, to the Level 0 data.

Level 1B: Level 1A data processed to sensor units and geolocated.
Level 2 Derived geophysical variables at the similar resolution and location bevhel source data.

Level 3 Geophysical variables are mapped on uniform spiaee grids, usually with some completeness and
consistency.

Level 4 Model output or results from analyses of lower level data, e.g., variables derived from multiple
measuremes.

Level 1.5 Merged product combining level 1 and level 2 data sets.
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The date and time parameters follow one of two formats. The format type is referenced within the DPC
Archival Data Product Tables. One format follows the UTC CCSDS ASCII Time Eoaeat A and

the other follows the International Atomic Time (TAl) time (see reference 6). Both formats are described
below. The TAI time is based on the second of the International System of Units (Sl), as realized at sea
level, and is formed bytheButea | nt er nati onal de | 6 Heure (Bl H)
cooperating establishments. It is in the form of a continuous scale, e.g., in days, hours, minutes and
seconds from the origin 1993 January 1.

The UTC CCSDS ASCII Time Code Format#\described as:
YYYY -MM-DDThh:mm:ss.ddZ

Where each character is an ASCII character using one octed with the following meanings:

YYYY = Year in fourcharacter subfield with values 000999
MM = Month in twocharacter subfield with values-Q2
DD = Dayof month in twecharacter subfield with values-28,-29,-30, or-31
AT = CalendaTime separator
hh = Hour in twocharacter subfield with values Q23
mm = Minute in twocharacter subfield with values-G®
s = Second in twecharacter subfieldvith values 0669 (-58 or -60 during leap
seconds)
dd = (Iij)(gcimal fraction of second in on® n-character subfield where each d has val
A Z = Time code terminator (optional)
Note that the hypher)(, col on (: ), | et t asspdatificGybfield sedaraprs,rando d
that all subfields must include | eading zeros.

may be used to obtain the required precision.

The International Atomic Time (TAIl) is described as:
yymmdd.fffffff

Where each character is an ASCII character using one octed with the following meanings:

yy = Lasttwo digits of year where 07 represents 2007
mm = Month in twocharacter subfield with values-QP
dd = Day of month in twecharacter subfield witkialues 0128, -29,-30, or-31
i . = Period as a separator
ffffffff = Fractional part of day

Note that the period (.) is used as a specific subfield separator, and that all subfields must include leading
zeros.
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2.1 Lidar Level 1B Profiles DP 1.1i1 Version 3.x

The lidar Level 1B data product contains a half orbit (day or night) of calibrated and geolocated lidar
profiles. The product contains data from all sdbagnostic instrument modes including nominal science,
depolarization gain ratio calitfan, and boresight alignment. The Level 1B data product is written in
HDF. A summary of the product records is listed able 6

The lidar Level 1B poduct contains additional data not found in the Level O lidar input file, including
post processed ephemeris data, celestial data, and converted payload status data.

The major categories of lidar Level 1B data are:

A Lidar Profile Data

A Position Data

A Viewing Geometry

Level: 1B

Type: Archival

Frequency: Standard:  2/Orbit

Expedited: 16/day
Spatial Resolution Record: Standard:  Full resolution profile
Expedited:  Full resolution profile
Time Interval Covered: Standard:  Half Orbit (Day or Night)
Expedited: 90 minutes

Data File NaméFor Version 3.x)

Standard:  CAL_LID_L1-ProductionStrategyersion.Instance.hdf
Expedited: CAL_LID L1 Exp-ProductionStrategyersion.Instance.hdf

The expedited data product contains 90 minutes of a combinatiy @ind night data. Like the

Standard data products, the Expedited data are also generated in HDF and include the same parameters

and ranges as tf&tandardiata products.

Users are strongly cautioned against using Expedited tk products as the basis foresearch
findings or journal publications. Standard data sets should be used for these purposes.
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2.1.1

LIDAR Instrument Level 1 Data ProduictVersion 3.x

The maximum number of lidar ighot packets processed in one odpproximately 8,00¢20.16

shots/sec)

Table 6: Lidar Instrument Record Summary i Version 3.X

Record Name Reference | Record Size| Records/File File Size (bytes

Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Metadata Recorid Data Version X Table 7 3,117 1 3,117
" . . Standard63,630 7,890,120

Spacecraft Position, Attitude, and Celestial Rec| Table 8 124 Expedited:108,960) 13,511,040
) . - Standard: 63,630 2,545,200
Profile Geolocation and Viewing Geometry Table 9 40 Expedited: 108,96 4358 400
. ' . N . Standard: 63,630 496,695,78(
Lidar Profile Science RecoridData Version X Tablel0 7,806 Expedited: 108,96 850 541.76(
Total Sizei Standard (bytes) i Version 3.x 507,135120
Total Sizei Standard (Mbytes) i Version 3.x 495.249
Total Size- Expedited (bytes)i Version 3.x 868415220
Total Size- Expedited (Mbytes)i Version 3.x 848.062

16



2.1.2

LIDAR Instrument Level 1 Data Metadata/ersion 3.x

The LIDAR Instrument Level 1 Data products include three Vdata record types (i.e., metadata) shown
in the tables above. Listings for the core metadata and the archive metadata are provided in Appendix
A. The metadata parameters specific to the LIDAR Imsént Level 1 Data Product are listedTiable

7.
Table 7: Lidar Metadata Record i Version 3.x

Parameter Data Type| Units Nominal Range | Elem/ Rec| Bytes
Product ID Char  NoUnits| L1 LIDAR_Science 80 80
Date_Time_at_Granule_StArt Char [NoUnits| 4/2006i 12/2026 27 27
Date_Time_at Granule Efd Char NoUnits| 4/2006i 12/2026 27 27
Date_Time_of Productidn Char NoUnits| 4/2006i 12/2026 27 27

. . Std = 0¢

Number_of Good_Profiles Int_ 32 |NoUnits Exp= (168,960 1 4

) . Std = 0¢
Number_of Bad_Profiles Int_32 NoUnits Exp= (188,960 1 4
Initial_Subsatellite Latitude Float 32 | deg -90. 0690 1 4
Initial_Subsatellite Longitude Float 32 | deg -180. 0é 1 1 4
Final_Subsatellite Latitude Float 32 | deg -90. 0690 1 4
Final_Subsatellite_Longitude Float 32 | deg -180. 0é 1| 1 4
Orbit_ Number_at Granule_Start Uint 32 | N/A 1é 21 1 4
Orbit_ Number_at Granule End Uint 32 | N/A 1é 21 1 4
Orbit Number_Change_Tirfle Float 64 NoUnits| 60,426.@ 261,2310 1 8
Path_Number_at Granule_ Start Int_16 N/A 16233 1 2
Path_Number_at Granule End Int_16 N/A 16233 1 2
Path_Number_Change Tife Float 64 NoUnits| 6 0, 4 2261,2016 1 8
Ephemeris_Files Used Char |NoUnits| 2 file names max. 160 160
Attitude_Files Used Char |NoUnits| 2 file names max. 160 160
GEOS_Version Char |NoUnits N/A 64 64
Percent 53parallel Bad Float_32 % 0.0é6100 1 4
Percent_53perpendicular_Bad Float_32 % 0.0é6100 1 4
Percent 1064 Bad Float_32 % 0.0é6100 1 4
Percent 53parallel _Missing Float_32 % 0.0é6100 1 4
Percent_53perpendicular_Missing Float_32 % 0.0é6100 1 4
Percent 1064 Missing Float_32 % 0.0é6100 1 4
Cal_Region_Top_Altitude_ 532 Float 32 | km 0.0...40.0 1 4
Cal_Region_Base_Altitude 532 Float 32 | km 0.0...40.0 1 4
Lidar_Data_Altitudes Float 32 | km 2. 0€é40. 583 2,332
Met Data_Altitudes Float 32 | km 2. 0€é40. 33 132
Rayleigh_Extinction_Crossection 532 Float 32 | m? 5.167E31 1 4
Rayleigh Extinction_Crossection 1064 Float 32 | m? 3.127E32 1 4
Rayleigh Backscatter Crosgction 532 Float 32 | m?-srt 5.930E32 1 4
Rayleigh Backscatter Crosgction 1064 Float 32 | m?-srt 3.592E33 1 4
Ozone_Absorption Crossection 532 Float 32 | m? 2.728461E25 1 4
Ozone_Absorption_Crossection 1064 Float 32 | m? 0.0 1 4
Record Size (bytes) Data Version 3x 3,117

A) UTC CCSDS ASCII Time Code Format A

D) TAl time converted to UTC time and stored in format: yymmdd.ffffffff
N) Rangegprovided for both Standard data products and Expedited data products
*) Current range values are tentative, and must be approved by the CALIPSO LSWG
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2.1.3 LIDAR Instrument Level 1 Data Scientific Data Setgersion 3.x

Table8, Table9 andTable10summarize the contents of each scientific data set (SDS) contained within
the LIDAR Instrument Level 1 Data products. Each parameter is listed using the same SDS name that is
used in the resptive HDF files. Units are given for each parameter, as is the range of valid data values.

Table 8: Lidar Spacecraft Position, Attitude, and Celestial Record Version 3.x

Parameter Data Type Units Nominal Range | Elem/Rec| Bytes
Spacecraft_Altitude Float 32 km 700. 0é67] 1 4
Spacecraft_Positién Float 64 km -8,0 0 0 . ,000.8 3 24
Spacecraft_Velociy Float 64 | km@ec! -10. 0610 3 24
Spacecraft_Attitude Float 64 deg -180. 0é1 3 24
Spacecraft_Attitude_Rate Float 64 | degdec! -10.0€10 3 24
Subsatellite Latitude Float 32 deg -90. 0690 1 4
Subsatellite_Longitude Float_32 deg -180. 0¢é1 1 4
EarthSun_Distance Float 64 AU 0.98¢é1. 1 8
Subsolar_Latitude Float 32 deg -90. 0690 1 4
Subsolar_Longitude Float 32 deg -180. 0é1 1 4
Record Size (bytes) 124

B) ECR Coordinate System

Table 9: Lidar Profile Geolocation and Viewing Geometryi Version 3.x

Parameter Data Type Units Nominal Range | Elem/Rec| Bytes
Latitude Float 32 deg -90.06é90 1 4
Longitude Float 32 deg -180. 0é1 1 4
Off Nadir_Angle Float 32 deg 0. A®O0 1 4
Viewing_Zenith_Angle Float 32 deg 0.0é90. 1 4
Viewing_Azimuth_Angle Float_32 deg -180. 0é1 1 4
Solar_Zenith_Angle Float_32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float 32 deg -180. 0€é1 1 4
Scattering_Angle Float 32 deg 0.0é6180 1 4
Surface_Altitude Shift Float 32 km -0.1% 0.15 1 4
Number_ Bins_Shift Int_32 NoUnits -56 5 1 4
Record Size (bytes) 40
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Table 10: Lidar Profile Science Recordi Version 3.x

Parameter Data Type Units Nominal Range EFI{eerE/ Bytes
Profile_Time& Float_64 sec 4. 20 BEFES 1 8
Profile UTC_Timé& Float_64 NoUnits 60,4260é 261,2310 1 8
Profile_IDF Int 32 NoUnits 16228, 6 1 4
Land_Water_Mask Int 8 NoUnits 0év7 1 1
IGBP_Surface Type Int 8 NoUnits 1618 1 1
NSIDC_Surface Type Uint 8 NoUnits 0é255 1 1
Day Night Flag Int 8 NoUnits 0é1l 1 1
Frame_Number Int 16 NoUnits 1é11 1 2
Lidar Mode Int 16 NoUnits 1é6 1 2
Lidar Submode Int 16 NoUnits 1é25 1 2
Surface_Elevation Float 32 km -1. 0é69. 1 4
Laser Energy 532 Float 32 J 0.003¢€é0 1 4
Perpendicular_ Amplifier_Gain_532 Float_32 VIV 28.2¢é17 1 4
Parallel Amplifier Gain_532 Float 32 VIV 28.2¢é17 1 4
Perpendicular_Background_Monitor 532 Float 32 count 800. 0¢é4, 1 4
Parallel_Background Monitor 532 Float_32 count -100. 0€é4, 1 4
Depolarization_Gain_Ratio 532 Float_32 NoUnits 0. 0é2 1 4
Depolarization_Gain_Ratio_Uncertainty 532 Float_32 NoUnits 0. @61 1 4
Calibration_Constant 532 Float 32 | km®srcount | 3. 0OE10¢é9 1 4
Calibration_Constant_Uncertainty 532 Float 32 | km?-sr-count 1. 2E9é 2| 1 4
Total_Attenuated Backscatter 532 Float 32 kmt.-srt 0. 0é3 583 | 2,332
Perpendicular_Attenuated Backscatter 532 Float 32 kmt.-srt 0. 0é1. 583 | 2,332
Perpendicular RMS_Baseline 532 Float_32 count 0.0é62,7 1 4
Parallel RMS Baseline 582 Float_32 count 0.0é63, 2 1 4
Laser Energy 1064 Float_32 J 0.038¢€é0 1 4
Amplifier_Gain_1064 Float_32 VIV 102.0¢é1 1 4
Calibration_Constant 1064 Float 32 | km?-sr-count 4. 0E9¢€é1 1 4
Calibration_Constant _Uncertainty 1064 Float 32 | km?-sr-count 5. 0E7é4 1 4
Attenuated Backscatter 1064 Float_32 kmt.srt 0. 0é2. 583 | 2,332
RMS Baseline_1064 Float_32 count 200. 0¢é1, 1 4
Molecular Number_Density Float_32 m'3 48E226 4.8E25 33 132
Ozone_Number_Density Float_32 m'3 9E16 1E19 33 132
Temperature Float_32 °C -120. 0é6] 33 132
Pressure Float_32 mb 1.0é6108 33 132
Relative_Humidity Float_32 % 0.0é150 33 132
Surface_Wind_Speeds Float_32 m/sec -80. 0é8( 2 8
Tropopause Height Float_32 km 4. 0622 1 4
Tropopause_Temperature Float 32 C -95.C8 -20.0 1 4
Noise Scale Factor 532 Perpendicular Float 32 count/’? 3.4é 8.0° 1 4
Noise Scale Factor 532 Parallel Float 32 count/’? 4,06 8.C° 1 4
Noise Scale Factor 1064 Float 32 count’? 0.0" 1 4
Perpendicular_Column_Reflectance 532 Float_32 NoUnits 0.061 1 4
Perpendicular_Column_Reflectance_Uncertainty_5] Float 32 NoUnits TBDé T B D 1 4
Parallel_Column_Reflectance 532 Float_32 NoUnits 0.061 1 4
Parallel_Column_Reflectance_Uncertainty 53] Float 32 NoUnits TBDé T B D 1 4
QC_Flag Ulnt_32 NoUnits 0 é 6,777,215 1 4
QC_Flag_2 Ulnt_32 NoUnits 0é633,554 1 4
Total Bytes per Recordi Data Version 3x 7,806

C) International Atomic Time (TAI) seconds from Jan. 1, 1993
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D) TAI time converted to UTC time and stored in formgtmmdd.ffffffff

E) The minimum is the first profile artthe maximum is 90 + 99 minutes

F) The ranges given include the nominal ranges with a little headroom. However, these arghsingidues and it is fairly

common to have individual shots that excélegse values, sometimes by a lot when we get a noise spike from radiation.
Because the night and day gains are different, the lowest values occur toward the ends of the day segments, when the gain is
low and the background is low. For the 532 channedshiphest values occur at night in the SAA when the gain is high and

the noise is fairly high. The highest 1064 values (except for noise spikes) occur in the daytime.

G) Nighttime granule values are a mean derived from previous daytime granule valudaytioe granules, values are
computed for every column and users are suggested to use the mean or median instead of individual values for each column.
H) Noise scale factor for the 1064 nimaminel is currently set to be O
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2.2 Lidar Level 1B Profiles DP 1.11 Version 4.10

The lidar Level 1B data product contains a half orbit (day or night) of calibrated and geolocated lidar
profiles. The product contains data from all sdbagnostic instrument modes including nominal science,
depolarization gain ratio calibration, and boresight alignment. The Level 1B data product is written in
HDF. A summary of the product records is listedable 11

The lidar Level 1B product contains additional data not found in the Level O lidarfil@puncluding
post processed ephemeris data, celestial data, and converted payload status data.

The major categories of lidar Level 1B data are:

A Lidar Profile Data

A Position Data

A Viewing Geometry

Level: 1B

Type: Archival

Frequency: Standard:  2/Orbit

Spatial Resolution Record: Standard:  Full resolution profile
Time Interval Covered: Standard:  Half Orbit (Day or Night)

Data File NaméFor Version 410):
Standard: CAL_LID_L1-StandareVersion.Instance.hdf
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2.2.1 LIDAR Instrument Level 1 Data Productversion 410

The maximum number of lidar ighot packets processed in one odpproximately 8,00¢20.16
shots/sec).

Table 11. Lidar Instrument Record Summary i Version 410

Record Name Reference | Record Size] Records/File File Size (bytes
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Metadata Recorid Data Version 4.0 Tablel12 3,777 1 3,777
Spacecraft Position, Attitude, and Celestial Rec| Table 13 124 63,630 7,890,120
Profile Geolocation and Viewing Geometry Table 14 40 63,630 2,545,200
Lidar Profile Science RecoiidData Version 4.0 Table 15 7,825 63,630 497,904,75(
Total Sizei Standard (bytes)i Version 410 508,344,75(
Total Sizei Standard (Mbytes)i Version 4.10 496.430
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2.2.2

LIDAR Instrument Level 1 Data Metadata/ersion 410

The LIDAR Instrument Level 1 Data products include three Vdata record types (i.e., metadata) shown
in the tables above. Listings for the core metadata and the archive metadata are provided in Appendix

A. The metadata parameters specific to the LIDAR Imsént Level 1 Data Product are listedTiable

12
Table 12 Lidar Metadata Record i Version 410

Parameter Data Type| Units Nominal Range |Elem/ Rec | Bytes
Product ID Char  |NoUnits| L1 LIDAR_Science 80 80
Date_Time_at_Granule_StArt Char |NoUnits| 4/2006i 12/2026 27 27
Date_Time_at Granule Efd Char |NoUnits| 4/2006i 12/2026 27 27
Date_Time_of Productidn Char |NoUnits| 4/2006i 12/2026 27 27
Number_of Good_Profiles Int 32 |NoUnits 0é63, 63 1 4
Number of Bad_Profiles Int 32 |NoUnits 0é63, 63 1 4
Initial_Subsatellite Latitude Float 32 | deg -90. 0690 1 4
Initial_Subsatellite Longitude Float 32 | deg -180. 0é 1 1 4
Final_Subsatellite Latitude Float 32 | deg -90. 0690 1 4
Final_Subsatellite_Longitude Float 32 | deg -180. 0é 1 1 4
Orbit_ Number_at Granule_Start Uint 32 | N/A 1é 21 1 4
Orbit_ Number_at Granule End Uint 32 | N/A 1é 21 1 4
Orbit Number_Change_Tirfle Float_ 64 [NoUnits| 6 0, 4 2261,2818 1 8
Path_Number_at Granule_ Start Int_16 N/A 16233 1 2
Path_Number_at Granule End Int_16 N/A 16233 1 2
Path_Number_Change Tifhe Float_ 64 [NoUnits| 6 0, 4 2261,2016 1 8
Ephemeris_Files Used Char |NoUnits| 2 file names max 160 160
Attitude_Files Used Char |NoUnits| 2 file names max 160 160
GMAO_Files Usefl Char |NoUnits| 6 filenames max 480 480
Snow_Ice_ Files Uséd Char |NoUnits| 2 filenames max 160 160
GEOS_Version Char |NoUnits N/A 64 64
Percent 53parallel Bad Float_32 % 0.0é6100 1 4
Percent_53perpendicular_Bad Float_32 % 0.0é6100 1 4
Percent 1064 Bad Float_32 % 0.0é6100 1 4
Percent 53parallel _Missing Float_32 % 0.0é6100 1 4
Percent_53perpendicular_Missing Float_32 % 0.0é6100 1 4
Percent 1064 Missing Float_32 % 0.0é6100 1 4
Cal_Region_Top_Altitude_ 532 Float 32 | km 0.0...40.0 1 4
Cal_Region_Base_Altitude 532 Float 32 | km 0.0...40.0 1 4
Lidar_Data_Altitudes Float 32 | km 2. 0€é40. 583 2,332
Met Data_Altitudes Float 32 | km 2. 0€é40. 33 132
Rayleigh_Extinction_Crossection 532 Float 32 | m? 5.167E31 1 4
Rayleigh_Extinction_Crossection_1064 Float 32 | m? 3.127E32 1 4
Rayleigh_Backscatter Crosgction 532 Float_32 | m?-srt 5.930E32 1 4
Rayleigh_Backscatter Crosgction 1064 Float_32 | m?-srt 3.592E33 1 4
Ozone_Absorption_Crossection_532 Float 32 | m? 2.728461E25 1 4
Ozone_Absorption_Crossection_1064 Float 32 | m? 0.0 1 4
ScatteringRatioln532NightCalibrationRegibn Float_32 [NoUnits 1.01* 1 4
ScatteringRatioln532NightCalibrationRegionUncertéf1 Float 32 [NoUnits 0.01* 1 4
MolecularModelUncertainty Float_32 [NoUnits 0.015* 1 4
CirrusBackscatterColorRaflo Float 32 [NoUnits 1.00* 1 4
CirrusBackscatterColorRatioUncertaiflty Float_32 [NoUnits 0.25* 1 4
Record Size (bytes) Data Version 410 3,777
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A) UTC CCSDS ASCII Time Code Format A

D) TAl time converted to UTC time and stored in format: yymmdd.ffffffff

Q) Parameters exist in data versioh4.

*) Current range values atentative, and must be approved by the CALIPSO LSWG
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2.2.3 LIDAR Instrument Level 1 Data Scientific Data Setgersion 410

Table 13 Table 14and Table 15summarize the contents of each scientific data set (SDS) contained
within the LIDAR Instrument Level 1 &a products. Each parameter is listed using the same SDS name
that is used in the respective HDF files. Units are given for each parameter, as is the range of valid data
values.

Table 13: Lidar Spacecraft Position, Attitude, and Celestial Recordi Version 410

Parameter Data Type Units Nominal Range | Elem/Rec| Bytes
Spacecraft_Altitude Float 32 km 700. 0€& 74 1 4
Spacecraft_Positién Float 64 km -8, 000. 0¢ 3 24
Spacecraft_Velocify Float 64 | km@ec! -10. 0€é10 3 24
Spacecraft_Attitude Float 64 deg -180. 0é1 3 24
Spacecraft_Attitude_Rate Float 64 | degSec! -10. 0€e10 3 24
Subsatellite Latitude Float 32 deg -90. 0690 1 4
Subsatellite Longitude Float 32 deg -180. 0é1 1 4
EarthSun_Distance Float_64 AU 0.98¢é1. 1 8
Subsolar_Latitude Float 32 deg -90. 0690 1 4
Subsolar_Longitude Float 32 deg -180. 0é1 1 4
Record Size (bytes) 124

B) ECR Coordinate System

Table 14: Lidar Profile Geolocation and Viewing Geometryi Version 410

Parameter Data Type Units Nominal Range | Elem/Rec| Bytes
Latitude Float_32 deg -90.0é90 1 4
Longitude Float_32 deg -180. 0¢é1 1 4
Off Nadir_Angle Float 32 deg 0.0ée10. 1 4
Viewing_Zenith_Angle Float_32 deg 0.0é90. 1 4
Viewing_Azimuth_Angle Float_32 deg -180. 0¢é1 1 4
Solar_Zenith_Angle Float 32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float_32 deg -180. 0é1 1 4
Scattering_Angle Float_32 deg 0.0é6180 1 4
Surface_Altitude_ Shift Float 32 km -0. 15é0. 1 4
Number_ Bins_Shift Int 32 NoUnits -8 é 8 1 4
Record Size (bytes) 40
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Table 15:

Lidar Profile Science Recordi Version 410

Parameter Data Type Units Nominal Range EFI{eerE/ Bytes
Profile_Time& Float_64 sec 4. 20 4APRE9 1 8
Profile UTC_Timé& Float_64 NoUnits 60,4260é 261,2310 1 8
Profile_IDF Int 32 NoUnits 16228, 6 1 4
Land_Water_Mask Int 8 NoUnits 0év7 1 1
IGBP_Surface Type Int 8 NoUnits 1618 1 1
Snow_Ice_Surface Tyfe Uint 8 NoUnits 0é255 1 1
Day Night Flag Int 8 NoUnits 0é1l 1 1
Frame_Number Int 16 NoUnits 1é11 1 2
Lidar Mode Int 16 NoUnits 1é6 1 2
Lidar Submode Int 16 NoUnits 1é25 1 2
Surface_Elevation Float 32 km -1. 0€é9 1 4
GMAO_Surface_Elevatidh Float 32 km -1. 0€é9 1 4
Surface Saturation Flag 532Par Uint_8 NoUnits 0é?2 1 1
Surface Saturation_Index_532Par Int_16 NoUnits -1é6582 1 2
Negative_Signal Anomaly Index_532Rar Int_16 NoUnits -1é6582 1 2
Surface Saturation Flag 532Perp Uint_8 NoUnits 0é?2 1 1
Surface Saturation_Index_532P2rp Int_16 NoUnits -1é6582 1 2
Negative_Signal_Anomaly Index_532Perp Int_16 NoUnits -1é6582 1 2
Surface Saturation Flag 1064 Uint_8 NoUnits 0é?2 1 1
Surface Saturation_Index_ 1064 Int_16 NoUnits -1é6582 1 2
Negative_Signal Anomaly Index_ 1064 Int_16 NoUnits -1é6582 1 2
Laser Energy 532 Float_32 J 0.003¢€é0 1 4
Perpendicular_ Amplifier_Gain_532 Float_32 VIV 26. 0é17 1 4
Parallel Amplifier Gain_532 Float_32 VIV 26. 0é17 1 4
Perpendicular_Background_Monitor 532 Float_32 count 1200é 6 , Q00 | 1 4
Parallel_Background Monitor 532 Float_32 count 6.06 6 , 000 O 1 4
Depolarization_Gain_Ratio 532 Float_32 NoUnits 0. 0é2 1 4
Depolarization_Gain_Ratio_Uncertainty 532 Float_32 NoUnits 0.0é0. ( 1 4
Calibration_Constant 532 Float 32 | km®srcount | 3. OE10¢ 8 1 4
Calibration_Constant_Uncertainty 532 Float 32 | km?-sr-count 20E8¢é1. 6 1 4
Total_Attenuated Backscatter 532 Float_32 kmt.srt 0. 1¢é3. 583 | 2,332
Perpendicular_Attenuated Backscatter 532 Float_32 kmt.srt -0. 08é1| 583 | 2,332
Perpendicular RMS_Baseline 532 Float_32 count 0.0eée3, 2 1 4
Parallel RMS Baseline 582 Float_32 count 0.0eée3, 2 1 4
Laser Energy 1064 Float_32 J 0.038¢€é0 1 4
Amplifier_Gain_1064 Float_32 VIV 102.0¢é1 1 4
Calibration_Constant 1064 Float 32 | km?-sr-count 4 . 0 E 9ELQ 1 4
Calibration_Constant_Uncertainty 1064 Float 32 | km?-sr-count 5. 0 EDE94 1 4
Attenuated Backscatter 1064 Float 32 km.sr? -0. 04é2| 583 | 2332
RMS_Baseline 1064 Float 32 count 200. 0é1, 1 4
Molecular_Number_Density Float_32 m'3 4. 8E22é4 33 132
Ozone_Number_Density Float 32 m'3 9.0E 1 6 é0E19 33 132
Temperature Float 32 °C -120. 0é6] 33 132
Pressure Float 32 mb 1. 0,686.0 33 132
Relative  Humidity Float 32 NoUnits 0. aé 33 132
Surface_Wind_Speeds Float 32 m/sec -80. 0é8( 2 8
Tropopause Height Float 32 km 4. 0é22 1 4
Tropopause_Temperature Float 32 C -9 5. Q00 1 4
Noise Scale_Factor 532 Perpendicular Float 32 count/’? 3.4é 8.0° 1 4
Noise Scale Factor 532 Parallel Float 32 count/’? 4,06 8.0° 1 4
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Elem/

Parameter Data Type Units Nominal Range Rec Bytes
Noise Scale Factor 1064 Float 32 count/’? 0.0" 1 4
Perpendicular_Column_Reflectance 532 Float 32 NoUnits 0.0é1. 1 4
Perpendicular_Column_Reflectance_Uncertainty 5] Float 32 NoUnits TBDéTBD 1 4
Parallel Column_Reflectance 532 Float 32 NoUnits 0.0é1. 1 4
Parallel_Column_Reflectance_Uncertainty 53] Float 32 NoUnits TBDéTBD 1 4
QC _ Flag Ulnt 32 NoUnits 0 é 6,777,215 1 4
QC Flag 2 Ulnt 32 NoUnits 0é134, 21 1 4
Total Bytes per Recordi Data Version 410 7,825

C) International Atomic Time (TAI) seconds from Jan. 1, 1993

D) TAl time converted to UTC time and stored in format: yymmdd.ffffffff
E) The minimunis the first profile and the maximum is 90 + 99 minutes

F) The ranges given include the nominal ranges with a little headroom. However, these aighsingddues and it is fairly

common to have individual shots that exceed these values, sometimesthyheeh we get a noise spike from radiation.
Because the night and day gains are different, the lowest values occur toward the ends of the day segments, when the gain is
low and the background is low. For the 532 channels, the highest values occur it thiglBAA when the gain is high and

the noise is fairly high. The highest 1064 values (except for noise spikes) occur in the daytime.

G) Nighttime granule values are a mean derived from previous daytime granule values. For daytime granules, values are
computed for every column and users are suggested to use the mean or median instead of individual values for each column.

H) Noise scale factor for the 1064 nm channel is currently set to be 0

Q) Parameters exist in data versioh4.
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2.3 IlIR Level 1B RadiancesDP 1.271 Version 1x

The IIR Level 1B data product contains a half orbit of geolocated, calibrated radiances. Image data are
registered to a 1 km grid centered on the lidar track. The Level 1B data product is written in HDF. A
summary of the product recards listed in Table 16.

The major categories for IR Level 1B data are:

i IR Earth View
i Position Data
i Viewing Geometry

Level: 1B
Type: Archival
Frequency: Standard:  2/Orbit

Expedited: 16/day
Spatial Resolution Record: Standard: 1 kmpixels x 70 km wide swath
Expedited: 1 km pixels x 70 km wide swath
Time Interval Covered: Standard:  Half Orbit (Day or Night)
Expedited: 90 minutes

Data File Name:
Standard:  CAL_IIR_L1-ProductionStrategy/ersion.Instance.hdf
Expedited: CAL_IIR_L1 ExpProductionStrategyersion.Instance.hdf

The expedited data product contains 90 minutes of a combination of day and night data. Like the
Standard data products, the Expedited data are also generated in HDF and include the same parameter
and rangess theStandardlata products.

Users are strongly cautioned against using Expedited data products as the basis for research
findings or journal publications. Standard data sets should be used for these purposes.
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2.3.1 Infrared Imaging Radiometer LevelData Product Version 1x

The maximum number of IIR sequences processed in one orbit is 729, which equates to 1 sequence every
8.184 seconds. A sequence is a collection of 6 images; 3 Earth views and 3 calibration views (deep space
or blackbody). Image da are registered to a 1 km grid centered on the lidar track. Each grid line occurs

every 3 lidar shots, or 40,095 grid lines per orbit (20,048 per half orbit).

Table 16: IIR Record Summary i Version 1.x

Record Name Reference | Record Size| Records/File |File Size (bytes

Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 1
IIR Metadata Record Table 17 821 1 821
" . . Table 18 Standard: 384 138,240

Spacecraft Position, Attitude, and Celestial Reco 360 Expedited: 696 250 560
. Table 19 Standard: 20,044 51,082,304

Earth View Record 2548 | Eypedited: 36,331 92,586,676
Total Size- Standard (bytes) 51,222,268
Total Sizei Standard (Mbytes) 50.022
Total Size- Expedited (bytes) 92,838,960
Total Size- Expedited (Mbytes) 90.663
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2.3.2 IR Level 1 Metadata Version 1x

The IIR Level 1products include three Vdata record types (i.e., metadata) shown in the tables above.
Listings for the core metadata and the archive metadatpraveded in Appendix A. The metadata
parameters specific to the IIR LevePtoduct are listed in Table 17.

Table 17: 1IR Level 1 Metadata Recordi Version 1.x

Parameter Data Type | Units Nominal Range | Elem/ Rec| Bytes
Product_ID Char N/A L1 IIR 80 80
Date_Time_at_Granule_StArt Char N/A 4/20061 12/2026 27 27
Date_Time_at Granule Efd Char N/A 4/20067 12/2026 27 27
Date_Time_of Productidn Char N/A 4/20067 12/2026 27 27

Std=0é20, 0O

Number_of IIR_Grid_Line_Records Uint_16 N/A Exp = 0¢é 1 2
Initial_Subsatellite Latitude Float 32 deg -90.06é90 1 4
Initial_Subsatellite Longitude Float 32 deg -180. 0é1 1 4
Final_Subsatellite Latitude Float 32 deg -90.06é90 1 4
Final_Subsatellite_Longitude Float 32 deg -180. 0é1 1 4
Orbit_ Number_at Granule_Start Uint_32 N/A 1é 21 1 4
Orbit_ Number_at Granule End Uint_32 N/A 1é 21 1 4
Orbit Number_Change_Tirfle Float 64 |NoUnits| 60,426.@ 261,2310 1 8
Path_Number_at Granule_ Start Int 16 N/A 16233 1 2
Path_Number_at Granule End Int 16 N/A 16233 1 2
Path_Number_Change Tifhe Float 64 |NoUnits| 60,426.@ 261,2310 1 8
Ephemeris_Files Used Char N/A 2 file names max. 160 160
Attitude_Files Used Char N/A 2 file names max. 160 160
Level_0_Files_Used Char N/A 2 file names max. 160 160
Level 1 code_version Used Char N/A N/A 20 20
Input_parameter_version_number_used Radiom¢ Ulint 16 N/A N/A 1 2
Input_parameter_date_of _application_Radiometn Int_8 N/A 4/20061 12/2026 27 27
Input_parameter_version_number_used Geomet| UlInt 16 N/A N/A 1 2
Input_parameter_date_of _application_Geometry Int_8 N/A 4/20061 12/2026 27 27
Percentage of 8.65 Good_Pixels Float 32 % 0.0é6100 1 4
Percentage of 12.05 Good_ Pixels Float 32 % 0.0é6100 1 4
Percentage of 10.6_Good_Pixels Float 32 % 0.0é6100 1 4
Percentage of Good Pixels 3 Channels Float 32 % 0.0é6100 1 4
Percentage of Missing_Pixels Float 32 % 0.0é6100 1 4
Number_ of Images_Processed Int_ 16 N/A 0é2, 187 1 2
Percentage of Missing_Images Float 32 % 0.0é6100 1 4
Number_of Equalization_mode Int_ 16 N/A 0éTBD 1 2
Altitude _of Projection Float 32 km 0.0é40. 1 4
Initial_Absolute Sequence Int_ 16 N/A 0 é24,576 1 2
Final_Absolute_Sequence Int 16 N/A 0 é24,576 1 2
Grid_Line Delta_Time Float 32 sec 0. @& 1 4
Scale Factor_for Radiance Float 32 N/A 100.0 1 4
Radiance_Offset Float 32 N/A 0.0 1 4
Scale_Factor_for_Viewing_Angle Float 32 N/A 100.0 1 4
Viewing_Angle_Offset Float 32 N/A 0.0 1 4
Record Size(bytes) 821

A) UTC CCSDS ASCII Time Code Format A
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D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
NOTE: Versions 1.11 and 1.10 do not contain the following metadata parar@etgtsNumber_at_Granule_Star
Orbit_Number_at_Granule_En@rbit Number_Change_Time, Path_Number_at_Granule_Start,
Path_Number_at Granule_End, and Path_Number_Change_Time. Therefore the record size in bytes is 793.

2.3.3 IR Level 1 Scientific Data SeisVerdon 1x

Table 18 and Table 19 summarize the contents of each scientific data set (SDS) contained within the IIR
Level 1 products. Each parameter is listed using the same SDS name that is used in the respective HDF

files. Units are given for each parametes is the range of valid data values.

Table 18: IIR Spacecraft Position, Attitude, and Celestial Record (1 per Earth viewj Version

1.x
Parameter Data Type Units Nominal Range | Elem/ Rec| Bytes
Time_TAl_8.6% Float_64 sec 4. 20 1DRE9 1 8
Time TAI_10.6 Float_64 sec 4. 20 1DRE9 1 8
Time TAl 12.0% Float_64 sec 4. 20 1DRE9 1 8
Time UTC_8.68 Float 64 | NoUnits | 60,426.0.261,2310 1 8
Time UTC_10.8 Float 64 | NoUnits | 60,426.0.261,2310 1 8
Time UTC_12.08 Float 64 | NoUnits | 60,426.0.261,2310 1 8
Spacecraft_Position 8.85 Float_64 km -8,000.0...8,000.0 3 24
Spacecraft_Position 1%.6 Float_64 km -8,000.0...8,000.0 3 24
Spacecraft_Position 1285 Float_64 km -8,000.0...8,000.0 3 24
Spacecraft_Velocity 8.65 Float 64 | km@ec' | -8,000.0...8,000.0 3 24
Spacecraft_Velocity 10% Float 64 | km@ec! | -8,000.0...8,000.0 3 24
Spacecraft_Velocity 12.65 Float 64 | km@ec! | -8,000.0...8,000.0 3 24
Spacecraft Attitude 8.65 Float 64 deg -180.0...180.0 3 24
Spacecraft Attitude 10.6 Float 64 deg -180.0...180.0 3 24
Spacecraft_Attitude 12.05 Float 64 deg -180.0...180.0 3 24
Spacecraft_Attitude_Rate_8.65 Float 64 | degSec! -10.0...10.0 3 24
Spacecraft_Attitude_Rate_10.6 Float 64 | degSec! -10.0...10.0 3 24
Spacecraft_Attitude_Rate 12.05 Float 64 | degdec! -10.0...10.0 3 24
Subsatellite_Latitude 8.65 Float_32 deg -90.0...90.0 1 4
Subsatellite_Latitude 10.6 Float_32 deg -90.0...90.0 1 4
Subsatellite Latitude 12.05 Float_32 deg -90.0...90.0 1 4
Subsatellite_Longitude 8.65 Float_32 deg -180.0...180.0 1 4
Subsatellite_Longitude 10.6 Float_32 deg -180.0...180.0 1 4
Subsatellite_Longitude 12.05 Float_32 deg -180.0...180.0 1 4
Record Size (bytes) 360

B) ECR Coordinate System

C) International Atomic Time (TAI) seconds from Jan. 1, 1993

D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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Table 19: Earth View Record (1 per gridline) i Version 1.x

Parameter Data Type Units Nominal Range |Elem/ Rec| Bytes
Lidar_Shot_Timé Float 64 sec 4. 2 0 IORE9 1 8
Lidar_Shot UTC Time Float 64 NoUnits 60,426.0..261,231.0 1 8
Latitude Float 32 deg -90. 0690 69 276
Longitude Float 32 deg -180. 0é1 69 276
Image_Time_8.65 Float 64 sec 4. 2 0 IORE9 1 8
Image_Time_10% Float 64 sec 4. 2 0 IORE9 1 8
Image_Time_12.05% Float 64 sec 4. 2 0 IORE9 1 8
Image_UTC_Time_8.65 Float_64 NoUnits 60,426.0...261,231.0 1 8
Image_UTC_Time_10% Float 64 NoUnits 60,426.0...261,231.0 1 8
Image_ UTC Time 12.65 Float 64 NoUnits 60,426.0...261,231.0 1 8
Calibrated Radiances_8.65 Int 16 | Wwm?-srl.-nm? 06160 69 138
Calibrated Radiances_10.6 Int 16 | Wwm?-srl.-nm? 06160 69 138
Calibrated_Radiances 12.05 Int 16 | Wwm?-srl.-nm? 06160 69 138
Viewing_Zenith_Angle_8.65 Int 16 deg 06180 69 138
Viewing_Zenith_Angle_10.6 Int 16 deg 06180 69 138
Viewing_Zenith_Angle_12.05 Int 16 deg 06180 69 138
Viewing_Azimuth_Angle_8.65 Int 16 deg -180¢é18( 69 138
Viewing_Azimuth_Angle 10.6 Int 16 deg -180¢é18( 69 138
Viewing_Azimuth_Angle_12.05 Int 16 deg -180¢é18( 69 138
Sequence_Number_ 8.65 Int 16 N/A 0é24,57 69 138
Sequence_Number 10.6 Int 16 N/A 0é24,57 69 138
Sequence_Number_ 12.05 Int 16 N/A 0é24,57 69 138
Pixel_Quality Index Ulint_32 N/A N/A 69 276
Record Size (bytes) 2,548

C) International Atomic Time (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in formatmmdd. ffffffff
P) Range after scale equation reported in HDF file

Appendix D provides flag definitions for Pixel_Quality Index.
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2.4 1IR Level 1B Radiances DP 1.2 Version 2.00

The IIR Level 1B data product contains a half orbit of geolocated, calimadexhces. Image data are
registered to a 1 km grid centered on the lidar track. The Level 1B data product is written in HDF. A
summary of the product records is listed in Table 20.

The major categories for IR Level 1B data are:

i IR Earth View
i Postion Data
i Viewing Geometry

Level: 1B
Type: Archival
Frequency: Standard:  2/Orbit

Spatial Resolution Record: Standard: 1 km pixels x 70 km wide swath
Time Interval Covered: Standard:  Half Orbit (Day or Night)

Data File Name:
Standard:  CAL_IIR_L1-StandareVersion.Instance.hdf
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2.4.1 Infrared Imaging Radiometer Level 1 Data Produ¥®ersion 2.00

The maximum number of IIR sequences processed in one orbit is 729, which equates to 1 sequence every
8.184 seconds. A sequence is a collectiohiofages; 3 Earth views and 3 calibration views (deep space
or blackbody). Image data are registered to a 1 km grid centered on the lidar track. Each grid line occurs

every 3 lidar shots, or 40,095 grid lines per orbit (20,048 per half orbit).

Table 20: 1IR Record Summary i Version 2.00

Record Name Reference | Record Size| Records/File | File Size (bytes
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 1
IIR Metadata Record Table21 821 1 821
Spacecraft Position, Attitude, a@¢lestial Record Table22 360 384 138,240
Earth View Record Table23 2,548 20,048 51,082,304
Total Size- Standard (bytes) 51,222,268
Total Sizei Standard (Mbytes) 50.022
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2.4.2 IR Level 1 Metadata Version 2.00

The IIR Level 1productsinclude three Vdata record types (i.e., metadata) shown in the tables above.
Listings for the core metadata and the archive metadata are provided in Appendix A. The metadata

parameters specific to the IIR LevePtoduct are listed in TabRl.

Table 21; IIR Level 1 Metadata Recordi Version 2.00

Parameter Data Type | Units Nominal Range | Elem/ Rec| Bytes
Product_ID Char N/A L1 IIR 80 80
Date_Time_at_Granule_StArt Char N/A 4/20061 12/2026 27 27
Date_Time_at Granule Efd Char N/A 4/20067 12/2026 27 27
Date_Time_of Productidn Char N/A 4/20067 12/2026 27 27
Number_of IIR_Grid_Line Records Ulnt_16 N/A 0620, 04 1 2
Initial_Subsatellite Latitude Float 32 deg -90.06é90 1 4
Initial_Subsatellite Longitude Float 32 deg -180. 0é1 1 4
Final_Subsatellite Latitude Float 32 deg -90.06é90 1 4
Final_Subsatellite_Longitude Float 32 deg -180. 0é1 1 4
Orbit_ Number_at Granule_Start Uint_32 N/A 1é 21 1 4
Orbit_ Number_at Granule End Uint_32 N/A 1é 21 1 4
Orbit Number_Change_Tirfle Float 64 |NoUnits| 6 0, 4 2261,2818 1 8
Path_Number_at Granule_ Start Int 16 N/A 16233 1 2
Path_Number_at Granule End Int 16 N/A 16233 1 2
Path_Number_Change Tifhe Float 64 |NoUnits| 6 0, 4 2261,2818 1 8
Ephemeris_Files Used Char N/A 2 file names max. 160 160
Attitude_Files Used Char N/A 2 file names max. 160 160
Level 0 Files_Used Char N/A 2 file names max. 160 160
Level 1 code_version Used Char N/A N/A 20 20
Input_parameter_version_number_used Radiom¢ UlInt 16 N/A N/A 1 2
Input_parameter_date_of _application_Radiometn Int_8 N/A 4/20061 12/2026 27 27
Input_parameter_version_number_used Geomet| Ulnt 16 N/A N/A 1 2
Input_parameter_date_of _application_Geometry Int_8 N/A 4/20061 12/2026 27 27
Percentage of 8.65 Good_Pixels Float 32 % 0.0ée6100 1 4
Percentage of 12.05 Good_ Pixels Float 32 % 0.0ée6100 1 4
Percentage of 10.6_Good_Pixels Float 32 % 0.0ée6100 1 4
Percentage of Good Pixels 3 Channels Float 32 % 0.0ée6100 1 4
Percentage of Missing_Pixels Float 32 % 0.0ée6100 1 4
Number_ of Images_Processed Int_ 16 N/A 0é2, 187 1 2
Percentage of Missing_Images Float 32 % 0.0ée6100 1 4
Number_of Equalization_mode Int_ 16 N/A 0éTBD 1 2
Altitude _of Projection Float 32 km 0.0é40. 1 4
Initial_Absolute Sequence Int_ 16 N/A 0 624,576 1 2
Final_Absolute_Sequence Int_ 16 N/A 0 624,576 1 2
Grid_Line Delta_Time Float 32 sec 0. @& 1 4
Scale Factor_for_Radiance Float 32 N/A 1,000.0 1 4
Radiance_Offset Float 32 N/A 0.0 1 4
Scale_Factor_for_Viewing_Angle Float 32 N/A 100.0 1 4
Viewing_Angle_Offset Float 32 N/A 0.0 1 4
Record Size (bytes) 821

A) UTC CCSDS ASCII Time Code Format A

D) TAI time converted to UTC time and stored in formgtmmdd.ffffffff
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2.4.3 IR Level 1 Scientific Data SeisVersion 2.00

Table22 and Table23 summarize the contents of each scientific data set (SDS) contained within the IR
Level 1 products. Each parameter is listed using the same SDS name that is used in the respective HDF
files. Units are given for each parameter, as is the range of vadidalaes.

Table 22 IIR Spacecraft Position, Attitude, and Celestial Record (1 per Earth viewj Version

2.00
Parameter Data Type Units Nominal Range | Elem/ Rec| Bytes
Time TAI 8.6% Float_64 sec 4. 204873 1 8
Time TAI 10.6 Float 64 sec 4. 204807 1 8
Time_TAI_12.0% Float_64 sec 4. 204070 1 8
Time_UTC_8.68 Float 64 | NoUnits | 60,426.0.261,2310 1 8
Time UTC 10.8 Float 64 | NoUnits | 60,426.0..261,2310 1 8
Time UTC 12.08 Float 64 | NoUnits | 60,426.0..261,2310 1 8
Spacecraft_Position_8.65 Float 64 km -8,000.0...8,000.0 3 24
Spacecraft_Position 1.6 Float 64 km -8,000.0...8,000.0 3 24
Spacecraft_Position 12.85 Float 64 km -8,000.0...8,000.0 3 24
Spacecraft_Velocity 8.65 Float 64 | km@ec! | -8,000.0...8,000.0 3 24
Spacecraft_Velocity 10% Float 64 | km@ec! | -8,000.0...8,000.0 3 24
Spacecraft_Velocity 12.65 Float_ 64 | km@ec' | -8,000.0...8,000.0 3 24
Spacecraft_Attitude 8.65 Float_64 deg -180.0...180.0 3 24
Spacecraft_Attitude 10.6 Float_64 deg -180.0...180.0 3 24
Spacecraft_Attitude 12.05 Float_64 deg -180.0...180.0 3 24
Spacecraft_Attitude Rate 8.65 Float 64 | degdec! -10.0...10.0 3 24
Spacecraft_Attitude Rate 10.6 Float 64 | degdec! -10.0...10.0 3 24
Spacecraft_Attitude_Rate 12.05 Float 64 | degdec! -10.0...10.0 3 24
Subsatellite_Latitude 8.65 Float_32 deg -90.0...90.0 1 4
Subsatellite_Latitude 10.6 Float_32 deg -90.0...90.0 1 4
Subsatellite Latitude 12.05 Float_32 deg -90.0...90.0 1 4
Subsatellite_Longitude 8.65 Float_32 deg -180.0...180.0 1 4
Subsatellite_Longitude 10.6 Float_32 deg -180.0...180.0 1 4
Subsatellite_Longitude 12.05 Float_32 deg -180.0...180.0 1 4
Record Size (bytes) 360

B) ECR Coordinate System
C) International Atomid’ime (TAI) seconds from Jan. 1, 199®&ange not recorded in HDF data file.)
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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Table 23. Earth View Record (1 per grid line)i Version 2.00

Parameter Data Type Units Nominal Range |Elem/ Rec| Bytes
Lidar_Shot_Timé Float 64 sec 4. 20 4872 1 8
Lidar_Shot UTC Time Float 64 NoUnits 60,426.0.261,231.0 1 8
Latitude Float 32 deg -90. 0690 69 276
Longitude Float 32 deg -180. 0é1 69 276
Image_Time_8.65 Float 64 sec 4. 20 4872 1 8
Image_Time_10% Float 64 sec 4. 20 4872 1 8
Image_Time_12.05% Float 64 sec 4. 20 4872 1 8
Image_UTC_Time_8.65 Float_64 NoUnits 60,426.0...261,2310 1 8
Image_UTC_Time_10% Float 64 NoUnits 60,426.0...261,231.0 1 8
Image_ UTC Time 12.65 Float 64 NoUnits 60,426.0...261,231.0 1 8
Calibrated Radiances_8.65 Int 16 | Wwm?-srl.-nm? 0 é32° 69 138
Calibrated Radiances_10.6 Int 16 | Wwm?-srl.-nm? 0 é32° 69 138
Calibrated_Radiances 12.05 Int 16 | Wwm?-srl.-nm? 0 é32° 69 138
Viewing_Zenith_Angle_8.65 Int 16 deg 0.06 1 8. 69 138
Viewing_Zenith_Angle_10.6 Int 16 deg 0.06 1 8. 69 138
Viewing_Zenith_Angle_12.05 Int 16 deg 0.06 1 8. 69 138
Viewing_Azimuth_Angle_8.65 Int 16 deg -1800¢é 1 8.M 69 138
Viewing_Azimuth_Angle 10.6 Int 16 deg -1800¢é 1 8.M 69 138
Viewing_Azimuth_Angle_12.05 Int 16 deg -1800¢é 1 8.M 69 138
Sequence_Number_ 8.65 Int 16 N/A 0é24,57 69 138
Sequence_Number 10.6 Int 16 N/A 0é24,57 69 138
Sequence_Number_ 12.05 Int 16 N/A 0é24,57 69 138
Pixel_Quality Index Ulint_32 N/A 0 é 1,545,287 69 276
Record Size (bytes) 2,548

C) International Atomic Time (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in formatmmdd. ffffffff
P) Range after scale equation reported in HDF file

Appendix D provides flag definitions for Pixel_Quality Index.
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2.5 WEFC Level 1B Scans DP 1.8 Version 3.x

The Wide Field Camera Level 1B data product contains geolocated radiance datatalpeoduct is
written in HDF. A summary of the product records is listed for each file in the following:

The major categories of WFC Level 1B data are:

A WFC 125 m Earth View Data

A WFC 1 km Earth View Data

A Position Data

A Viewing Geometry

A Housekeeping Data

Level: 1B

Type: Archival

Frequency: Standard: 1 Orbit

Expedited: 90 Minutes(Day Only)
Spatial Resolution Record: Standard: 1 km pixels x 61 km wide swath
125 m pixels x 5 km wide swath
Expedited: 1 km pixels x 61 km wide swath
125 m pixels x 5 km wide swath
Time Interval Covered: Standard:  Half Orbit (Day Only)
Expedited: 90 minutes (Day Only)

Data File Name:
Standard: CAL_WFC_L1 1KmProductionStrategyersion.Instance.hdf
Expedited: CAL WFC L1 1Km_ExpProductionStrategyersion.Instance.hdf

Standard: CAL _WFC_L1 125mProductionStrategyersion.Instance.hdf
Expedited: CAL WFC_L1 125m_ExgProductionStrategyersion.Instance.hdf

Standard: CAL_WFC_L1_IlIR-ProductionStrategyersion.Instance.hdf
Expedited: CAL _WFC_L1 IIR Exp-ProductionStrategyersion.Instance.hdf

The expedited datproduct contains 90 minutesf day data. Like the Standard data products, the
Expedited data are also generated in HDF and include the same parameters and ran§snamatte
data products.

Users are strongly cautioned against using Expedited tk products as the basis for research
findings or journal publications. Standard data sets should be used for these purposes.
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2.5.1 Wide Field Camera Level 1 Data Produdfersion 3.x
The maximum numbesf 5 km WFC packets processed in one orbit is 3,124 (daytime only).

For each orbit, 3 files are created tolkmepres
Regi st er ed, Sc¢lhaeknndieN aDtait vaeda 8 d i ¥HhneafivD cterace DaaTable

24, Table B, and Table 8 show the data structure of each file.

Table 24: WFC Record Summary- 1 km Registered Sciencé Version 3.x

Record Name Reference | Record Size| Records/ File File Size (bytes)

Core Metadat&®ecord Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
WFC Metadata Record Table 2,149 1 2,149
. . Table B Standard: 17,005 45,981,52(

1 km Registered Science Record 2,704 Expedited: 17,00¢ 45 981520
Total Sizei Standard (bytes) 45,984,572
Total Sizei Standard (Mbytes) 44.907
Total Sizei Expedited (bytes) 45,984,572
Total Sizei Expedited (Mbytes) 44.907

Table 25: WFC Record Summary- 1 km Native Sciencé Version 3.x

Record Name Reference | Record Size | Records/ File | File Size (bytes)

Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
WFC Metadata Record Table 27 2,149 1 2,149
. . Table @ Standard: 17,005 46,117,560

1 km Native Science Record 2,712 Expedited: 17,00 46117 560
Reflectance Bin Record Table @ 288 915 263520
Total Sizei Standard (bytes) 46,384,132
Total Sizei Standard (Mbytes) 45.240
Total Sizei Expedited (bytes) 46,384,132
Total Sizei Expedited (Mbytes) 45.240
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Table 26: WFC Record Summary- 125 m Native Sciencé Version 3.x

Record Name Reference | Record Size Records/ File File Size (bytes)

Core Metadata Record Appendix A 899 1 899
Archive Metadata Record AppendixA 4 1 4
WFC Metadata Record Table 27 2,149 1 2,149
. . Table30 Standard: 136,04( 155,085,60(

125 m Native Science Record 1,140 Expedited: 136,04 155.085.60(
Reflectance Bin Record Table30 288 600 172,800
Total Sizei Standard (bytes) 155,261 ,45¢€
Total Sizei Standard (Mbytes) 151.622
Total Sizei Expedited (bytes) 155,261,456
Total Sizei Expedited (Mbytes) 151.622
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252 WEFC Level 1 data MetadataVersion 3.x

The WFC Level 1 data products include three Vdata record types (i.e., metadata) shown in the tables
above. Listings for the core metadata and the archive metadata are provided in Appendix A. The
metadata parameters specific to the WFC Level 1 data Praxulisted inTable27.

Table 27: WFC Level 1 Metadata Recordi Version 3.x

Parameter Data Type Units Range Ell?eergl Bytes
WFC_Native_125m
Product_ID Char NoUnits WFC_Native_1Km 80 80
WFC_IIR_Registered_1km
Date Time at Granule Start Char NoUnits 4/20061 12/2026 27 27
Date Time at Granule Efd Char NoUnits 4/20061 12/2026 27 27
Date Time of Productidn Char NoUnits 4/20061 12/2026 27 27
Number of Good 125m_ Records Int 32 NoUnits 06160, 34 1 4
Number of Bad 125m_Records Int_32 NoUnits 06160, 34 1 4
Number of Good 1km_Records Int_32 NoUnits 0é20, 04 1 4
Number_of Bad 1km_Records Int_32 NoUnits 0é20, 04 1 4
Initial_Subsatellite Latitude Float 32 deg -90. 0690 1 4
Initial_Subsatellite_Longitude Float_32 deg -180. 0618 1 4
Final_Subsatellite Latitude Float 32 deg -90. 0690 1 4
Final_Subsatellite_Longitude Float 32 deg -180. 0618 1 4
Orbit Number_at Granule Start Ulnt 32 N/A 1é 21 1 4
Orbit Number_at Granule End Ulnt 32 N/A 1é 21 1 4
Orbit_ Number_Change_TirRe Float_64 NoUnits 6 0, 4 2261,2018 1 8
Path Number_at Granule_Start Int 16 N/A 16233 1 2
Path Number_at Granule End Int 16 N/A 16233 1 2
Path_Number_Change_Tifhe Float_64 NoUnits 6 0, 4 2261,2018 1 8
Ephemeris_Files_Used Char N/A 2 file names max. 160 160
Attitude_Files Used Char N/A 2 file names max. 160 160
Vicarious_Calibration_File_Used Char N/A N/A 80 80
1km_Radiance_Calibration_Coefficients | Float_64 (Wm 2@';1@"“ ) N/A 61 488
(countt)(ms)
125m_Radiance_Calibration_Coefficients Float_64 (Wm 2@';1@"“ ) N/A 40 320
(countt)(ms)

Column_Number_of Center_Image Pixe Int 16 NoUnits 2446268 1 2
Row Number_of Center Image_ Pixel Int_16 NoUnits 229é258 1 2
Frame_Time Float_32 ms N/A 1 4
Integration_Time Float 32 ms N/A 1 4
Total Poss_Day Packets Int_32 NoUnits 0é4,000 1 4
Total Proc_Day Packets Int_32 NoUnits 0é4,000 1 4
Total Proc_Night Packets Int_32 NoUnits 0é4,000 1 4
Reflectance Bins_Min Float 32 NoUnits 0.0ée1. 4 72 288
Reflectance Bins Max Float 32 NoUnits 0. 0,6099.0 72 288
Solar_Zenith_Bins_Min Float_32 deg 0.0é70 15 60
Solar_Zenith_Bins_Max Float_32 deg 5.0€é75 15 60
Record Size (bytes) 2,149

A) UTC CCSDS ASCII Time Code Format A
D) TAl time converted to UTC time and stored in format: yymmdd.ffffffff
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25.3 WEFC Level 1 Scientific Data SetsVersion 3.x

Table B, Table @, and Table80 summarize the contents of each scientific data set (SDS) contained
within the WFC Level 1 data products. Parameters are listed using the same SDS names as in
respective HDF files. Units are given for each parameter, as is the range of valid data values.

Table 28 1 km Registered Science RecoridVersion 3.x

Parameter Data Type Units Nominal Range | Elem/Rec Bytes
Lidar_Shot_Timé Float_64 sec 0.0é1. | 1 8
Lidar_Shot UTC Timé Float 64 NoUnits 0.0é1. | 1 8
Latitude Float 64 deg -90. 069 61 488
Longitude Float 64 deg -180. 0€é1 61 488
Radiance Float 32 |Wm?2@rt@m?*| 0.0...2000.0 61 244
Reflectance Float 32 NoUnits 0.0é2. 61 244
1km_Homogeneity Float 32 NoUnits N/A 1 4
Solar_Zenith Float 32 deg 0.0é90 61 244
Solar_Azimuth Float 32 deg -180. 0€é1 61 244
Viewing_Zenith Float 32 deg 0.0é90 61 244
Viewing_Azimuth Float 32 deg -180. 0€é1 61 244
Pixel QC_Flag Uint_32 NoUnits N/A 61 244
Total Bytes per Record 2,704

Table 29: 1 km Native Science Record Version 3.x

Parameter Data Type Units Nominal Range| Elem/Rec | Bytes
Scan_Timé Float_64 sec 0.0é1. | 1 8
Scan_UTC_Time Float 64 NoUnits 0.0é1. | 1 8
Latitude Float 64 deg -90. 0é9 61 488
Longitude Float 64 deg -180. 0é1 61 488
Radiance Float 32 | Wm?2@rt@ém? | 0. 0,60P.0 61 244
Reflectance Float 32 NoUnits 0.0...2.0 61 244
1km_Homogeneity Float 32 NoUnits N/A 1 4
Solar_Zenith Float 32 deg 0.0é90 61 244
Solar_Azimuth Float 32 deg -180. 0é1 61 244
Viewing_Zenith Float 32 deg 0.0é90 61 244
Viewing_Azimuth Float 32 deg -180. 0é1 61 244
CCD_Temperature Float_32 C -100. 0é1 1 4
BasePlate_ Temperature Float 32 C -100. 0€é1 1 4
Reflectance Birfs Int_32 NoUnits 0620, 0 0 0
Pixel_QC_Flag Ulnt_32 NoUnits N/A 61 244
Total Bytes per Record 2,712

C) International Atomic Time (TAI) seconds from Jan. 1, 1993

D) TAl time converted to UTC time and stored in formatmmdd_ffffffff

E) For each pixel there are 72 reflectance bins within 15 solar zenith angle bins and are totaled for the entire otit. The to
number of bytes for this parameter is reported in Table
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Table 30: 125 m NativeScience Record Version 3.x

Parameter/Field Data Type Units Nominal Range| Elem/Rec | Bytes
Scan_Timé Float_64 sec 0.0é1. | 1 8
Scan_UTCTimeP Float 64 NoUnits 0.0é1. | 1 8
Latitude Float 64 deg -90. 069 40 320
Longitude Float 64 deg -180. 0€é1 40 320
Radiance Float 32 Wm2Qri@m ! 0.0...2000.0 40 160
Reflectance Float 32 NoUnits 0.0...2.0 40 160
125m_ Homogeneity Float 32 NoUnits N/A 1 4
Reflectance Bins 125 Int 32 NoUnits 0€6160, ( 0 0
Pixel QC_Flag Ulnt 32 NoUnits N/A 40 160
Total Bytes per Record 1,140

C) International Atomic Time (TAI) seconds from Jan. 1, 1993

D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff

E) For each pixel there are 72 reflectance bins within 15 solar zenith angle bins and are totaled for the entire otait. The to
number of bytes for this parameter is reported in Table
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2.6 Lidar Level 2 Cloud and Aerosol Layer Products DP 2.1A Version 3.x

The Lidar Level 2 cloud layer products are produced at three horizontal resolutions: 1/3 km, 1 km, and
5 km. The Lidar Level 2 aerosol layer products are produced at a 5 km horizontal resolution. The cloud
and aerosol layer data productsargten in Hierarchical Data Format (HDH)able31, Table32, Table

33, and Table @ summarize the content and estimated size of each of the layer products. Four data files
will be produced for each granule: a 1/3 km resolution cloud product, 1 kmtresailoud product, a

5 km resolution cloud product, and &b resolution aerosol product.

Within the Lidar Cloud and Aerosol Layer Product there are two general classes of data:

A Column Properties (including position data and viewing geometry)
A Layer Propdies

The lidar layer products consist of a sequence of column descriptors, each one of which is associated
with a variable number of layer descriptors. The column descriptors specify the temporal and geo
physical location of the column of the atmosphdn®ugh which a given lidar pulse travels. Also
included in the column descriptors are indicators of surface lighting conditions, information about the
surface type, and the number of features (e.g., cloud and/or aerosol layers) identified within the column

For each feature within a column, a set of layer descriptors is reported. The layer descriptors provide
information about the spatial and optical characteristics of a feature, such as base and top altitudes,
integrated attenuated backscatter, and opdiepth.

The number of layers has a substantial impact on the data product sizes; therefore, for each set of column
descriptors defined in this section, the maximum number of layer descriptors is specified in the
element/record and byte fields. These valesmeant to represent an upper bound on the number of
layers that might be reasonably encountered in avedtl data set.

Level: 2
Type: Archival
Frequency: Standard:  2/Orbit

Expedited: 16/day
Spatial Resolution Record: Standard: ~ 1/3 km (ull resolution)
1 km horizontal
5 km horizontal
Expedited: 1/3 km (full resolution)
1 km horizontal
5 km horizontal
Time Interval Covered: Standard:  Half Orbit (Day or Night)
Expedited: 90 minutes

Data File NamégVersion 3x):
Standard:  CAL_LID_L2_ 333mCLayProductionStrategyersion.Instance.hdf
Expedited: CAL_LID L2 333mCLay_ExpProductionStrategy/ersion.Instance.hdf

Standard: CAL_LID_ L2 0i1kmCLayProductionStrategyersion.Instance.hdf
Expedited: CAL_LID L2 0l1kmCLay_ ExpProductionStrategyersion.Instance.hdf
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Standard: CAL_LID_L2_05kmCLayProductionStrategyersion.Instance.hdf
Expedited: CAL_LID L2 05kmCLay_ExpProductionStrategyersion.Instance.hdf

Standard: CAL_LID L2 05kmALay-ProductionStategyVersion.Instance.hdf
Expedited: CAL_LID L2 05kmALay_ ExpProductionStrategyersion.Instance.hdf

The expedited data product contains 90 minutes of a combination of day and night data. Like the
Standard data products, the Expedited data are algvaged in HDF and include the same parameters
and ranges as tt®&tandardlata products.

Users are strongly cautioned against using Expedited tk products as the basis for research
findings or journal publications. Standard data sets should be used for #se purposes.

45



2.6.1

Lidar Level 2 Cloud and Aerosol Layers Record Sumninavigrsion 3.x
Table 31 1/3 km Lidar Cloud Layer Record Summaryi Version 3.x

Reference Individual . File Size
Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table 3 22,670 1 22,670
. ) d Standard63,630 7,381,080
1/3 km Column Descriptor Record: Cloudy  Table & 116 Expedited:108,960 126,393 36(
. ] Standard63,630 54,085500
1/3 km Layer Descriptor Record: Clouds Table ¥ 850 Expedited:108,960 92,616,000
Total Sizei Standard (bytes) 61,490,653
Total Sizei Standard (Mbytes) 60.049
Total Sizei Expedited (bytes) 219,032,833
Total Sizei Expedited (Mbytes) 213.899
Table 322 1 km Lidar Cloud Layer Record Summaryi Version 3.x
Reference Individual . File Size
Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table 3 22,670 1 22,670
. ) Standard: 21,210
1 km Column Descriptor Record: Clouds Table 38 116 Expedited: 36,320 6,673,480
: . Standard: 21,210 34,148,10C
1 km Layer Descriptor Record: Clouds Table ® 1,610 Expedited: 36,320 58 475 200
Total Sizei Standard (bytes) 36,632,833
Total Sizei Standard (Mbytes) 35.773
Total Sizei Expedited (bytes) 62,711,83
Total Sizei Expedited (Mbytes) 61.242
Table 33: 5 km Lidar Cloud Layer Record Summary i Version 3.x
Reference Individual . File Size
Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table 3 22,670 1 22,670
. ] Standard4,010 3,731,694
5 km Column Descriptor Record: Clouds Table40 331 Expedited: 7,264 2404 384
. ) Standard4,010 31,116,240
5 km Layer Descriptor Record: Clouds Table41 2,760 Expedited: 7,264 20,048,644
Total Sizei Standard (bytes) 13,135,95
Total Sizei Standard (Mbytes) 12.828
Total Sizei Expedited (bytes) 22476,97
Total Sizei Expedited (Mbytes) 21.%60
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Table 34: 5 km Lidar Aerosol Layer Record Summaryi Version 3.x

Reference Individual . File Size
Record Name Table Record Size Records/ File (bytes)

Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table 3 22,670 1 22,670
. ) Standard4,010 3,731,694

5 km Column Descriptor Record: Aerosoly  Table42 331 Expedited: 7,264 2,404 384
. ) Standard4,010 10,460,772

5 km Layer Descriptor Record: Aerosols Table43 2,466 Expedited: 7,264 17.913.024
Total Sizei Standard (bytes) 11,888447
Total Sizei Standard (Mbytes) 11.610
Total Sizei Expedited (bytes) 20,340,811
Total Sizei Expedited (Mbytes) 19.864
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2.6.2 Lidar Cloud & AerosolLevel 2 Metadatda Version 3.x

The Lidar Cloud & Aerosol Level 2 layer products include three Vdata record types (i.e., metadata), as
specified in the tables above. Listings for the core metadata and the archive metadata are provided in
Appendix A. The metadata parameters specificeactbud and aerosol Level 2 Layer Products are listed

in Table &.

Table 35 Lidar Cloud & Aerosol Level 2 Layer Metadata Recordi Version 3.x

Parameter Data Units Nominal Range Bty Bytes
Type Rec
Product ID Char NoUnits L2 LIDAR 80 80
Date_Time_at Granule StArt Char NoUnits 4/20061 12/205 27 27
Date_Time at Granule Efd Char NoUnits 4/20067 12/205 27 27
Date_Time_ of Productidn Char NoUnits 4/20061 12/205 27 27
) : Std=0é 6 3, 6
Number_of Good_Profiles Int_32 NoUnits Exp=0¢é 108, 1 4
' . Std=0é6 3, 6
Number_of Bad_Profiles Int_32 NoUnits Exp=06108, 1 4
Initial_Subsatellite Latitude Float 32 deg 90. 0690, 1 4
Initial_Subsatellite_Longitude Float_32 deg -180. 0é18 1 4
Final_Subsatellite Latitude Float 32 deg 90. 0690, 1 4
Final_Subsatellite Longitude Float 32 deg -180. 0618 1 4
Orbit Number_at Granule Start Ulnt 32 N/A 1é 21 1 4
Orbit Number_at Granule End Ulint 32 N/A 1é 21 1 4
Orbit._ Number_Change_TirRe Float 64 | NoUnits 6 0, 42261,2818 1 8
Path Number at Granule_Start Int 16 N/A 16233 1 2
Path Number at Granule End Int 16 N/A 16233 1 2
Path_Number_Change_Tifhe Float_64 | NoUnits 6 0, 42261,2018 1 8
Lidar L1 Production Date Time Char NoUnits 4/20061 12/205B 27 27
. - . Std=0é6 3, 6
Number_of Single_Shot_Records_in_Filg Int_32 NoUnits Exp=06108, 1 4
N . Std =0 é21,210
Number_of Average Records_in_File Int_32 NoUnits Exp=0é36, 3 1 4
. Std=0é 616, €
Number_of Features_Found Int_32 NoUnits Exp=0é1, 038 1 4
Number_of Cloud_Features_Found Int_32 NoUnits Std io € 572, @ 1 4
- = — - — Exp=0é 980, ¢
Number_of Aerosol_Features_Found Int_32 NoUnits Std:_O q33,936 1 4
- = — — — Exp=0é58, 1
Number_of Indeterminate_Features_Fou Int_32 NoUnits Std fo e, 572, ¢ 1 4
- - - - — Exp=0é 980, ¢
Lidar_Data_Altitudes Float_32 km 2. 0€é40. 583 2,332
GEOS_Version Char NoUnits N/A 64 64
Classifier_Coefficients Version_Number Char NoUnits 0. 0é699. 1 4
Classifier_Coefficients Version_Date Char NoUnits 4/20061 12/205 1 6
Production_Script Char N/A N/A 20,000 | 20,000
Record Size (bytes) 22,670

A) UTC CCSDS ASCII Time Code Format A
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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2.6.3 Lidar Cloud & AerosolLevel 2 Scientific Data SetsVersion 3.x

Table 36through Tablet3 summarize the content of each scientific data set (SDS) contained within
the Lidar Level 2 layer products. Each parameter is listed using the same SDS name that is used in the
respective HDF files. Units are giveorfeach parameter, as is the range of valid data values.

Within the | ayer descriptors are a number of ¢
Attenuated_Backscatter_Statistics_®3Zable &, Table 3, Table4l, and Tablel3. These fields are
compositedata structures that contain the following descriptive statistics for the named parameter:

T minimum value

 maximum value

 mean value

1 standard deviation of the mean

1 centroid (units = kilometers; range = feature base to feature top)

1 skewness coefficient (unigs)
The units for the first four values are supplie

e.g., the units for the first four values of thtenuated Backscatter Statistics_%88, as indicated in
Table37, km@rt,
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Table 36: Lidar 1/3 km Column Descriptor Record: Cloudsi Version 3.x

Parameter Data Type | Units Nominal Range EFI{eerE/ Bytes
Profile_ID Int_32 NoUnits | 1é3, 153, ( 1 4
Latitude Float_32 deg 90.0é90 1 4
Longitude Float_32 deg -180.0eé1| 1 4
Profile_Time Float 64 sec 4. 204E8¢7 1 8
Profile_ UTC_Timé& Float_64 | NoUnits | 604 26 . 0,601.6 | 1 8
Day_Night_Flag Int_8 NoUnits 0é1l 1 1
Off_Nadir_Angle Float_32 deg 0. ®6 1 4
Solar_Zenith_Angle Float_32 deg 0.0é6180| 1 4
Solar_Azimuth_Angle Float_32 deg -180.0é1) 1 4
Scattering_Angle Float_32 deg 0.0é180] 1 4
Spacecraft_Position Float 64 km -80 0 0 . ,000.8 3 24
Parallel_Column_Reflectance_532 Float_32 | NoUnits 0. @6 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float_32 | NoUnits 0.0éeTBDO 1 4
Perpendicular_Column_Reflectance_532 Float_32 | NoUnits 0. @6 1 4
Perpendicular_Column_Reflectance_Uncertainty 53 Float 32 | NoUnits 0.0eéeTBDO 1 4
Column_lIntegrated_Attenuated_Backscatter 532 Float_32 sr 0. @é 1 4
Column_IAB_Cumulative_Probability Float_32 | NoUnits 0.0ée1.( 1 4
Tropopause_Height Float_32 km 4. 0eée22.| 1 4
Tropopause_Temperature Float_32 °C -100.0é¢ -20.0 1 4
IGBP_Surface_Type Int_8 NoUnits 1é18 1 1
NSIDC_Surface_Type Uint_8 NoUnits 0é255 1 1
Lidar_Surface_Elevation Float_32 km 1. 0é9. | 2 8
DEM_Surface_Elevation Float_32 km 1. 0é9. (| 1 4
Number_Layers_Found Int_8 NoUnits 0és5 1 1
Record Size (bytes) 116

C) International Atomic Time (TAI) seconds fradan. 1, 1993
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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Table 37: Lidar 1/3 km Layer Descriptor Record: Cloudsi Version 3.x

Parameter Data Type | Units | Nominal Range EFlzeen;/ Bytes
Layer Top_Altitude Float 32 km -0. 5é8. 5 20
Layer Base Altitude Float 32 km -0. 5é8. 5 20
Layer Top_ Pressure Float 32 hPa 1.0é 1,086.0 5 20
Midlayer_ Pressure Float 32 hPa 1.0é 1,086.0 5 20
Layer Base Pressure Float 32 hPa 1.0é 1,086.0 5 20
Layer Top Temperature Float 32 °C -1100é6 6 @ 5 20
Midlayer Temperature Float 32 °C -1100é6 6 @ 5 20
Layer Base Temperature Float 32 °C -1100é6 6 @ 5 20
Attenuated_Backscatter_ Statistics_532 Float 32 | km@r?! N/A 30 120
Integrated_Attenuated Backscatter 532 Float 32 srt 0. ae 5 20
Integrated_Attenuated Backscatter Uncertainty 532| Float 32 srt 0. @& 5 20
Attenuated_Backscatter Statistics_1064 Float 32 | km@r?! N/A 30 120
Integrated_ Attenuated_Backscatter 1064 Float 32 srt 0. A& 5 20
Integrated_Attenuated Backscatter Uncertainty 1064 Float 32 srt 0. @& 5 20
Volume_Depolarization_Ratio_Statistics Float 32 | NoUnits N/A 30 120
Integrated_Volume_Depolarization Ratio Float 32 | NoUnits 0. 0é1. 5 20
Integrated_Volume_Depolarization_Ratio_Uncertainty Float 32 | NoUnits 0. @6 5 20
Attenuated Total Color Ratio_Statistics Float 32 | NoUnits N/A 30 120
Integrated_Attenuated_Total Color_Rdtio Float 32 | NoUnits 0. 0é2 5 20
Integrated_Attenuated_Total Color_Ratio_Uncertaint] Float 32 | NoUnits 0. B8 5 20
Overlying_Integrated_Attenuated Backscatter 532 Float 32 srt 0. @6 5 20
Layer IAB_ QA Factor Float 32 | NoUnits 0.0é1l. 5 20
Feature Classification Flags Uint_16 | NoUnits 1649, 1 5 10
Record Size (bytes) 850

J) Refer toTable79 for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may be encountered due to noise in weak
signals

L) Notes for depolarization and color ratio fields: Based solely on physical considerations, the expected range for the
integrated wlume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ratio is less certain,
but should fall between 0 and 2. However, because these quantities are computed as the ratio of two noisy numbers, the
expected ranges ntigbe exceeded for weakly scattering features or when the overlying attenuation is high.
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Table 38 Lidar 1 km Column Descriptor Record: Cloudsi Version 3.x

Parameter Data Type| Units Nominal Range EFlzeen;/ Bytes
Profile_ID Int_32 |NoUnits| 1 €3, 153, 1 4
Latitude Float_32 deg -90.0€é90 1 4
Longitude Float_32 deg -180. 0¢é1 1 4
Profile_Time Float 64 | sec 4. 204E8¢7 1 8
Profile_ UTC_Timé& Float_64 | NoUnits| 604 2 6 . 0,601.8 1 8
Day_Night Flag Int_8 NoUnits 0él 1 1
Off_Nadir_Angle Float_32 deg 0. ®é 1 4
Solar_Zenith_Angle Float_32 deg 0.0é180 1 4
Solar_Azimuth_Angle Float_32 deg -180. 0é1 1 4
Scattering_Angle Float_32 deg 0.0é6180 1 4
Spacecraft_Position Float_64 km -80 0 0 . ,000.8 3 24
Parallel_Column_Reflectance_532 Float_32 | NoUnits 0.0é2. ( 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float_32 | NoUnits 0.0é6TBELC 1 4
Perpendicular_Column_Reflectance_532 Float_32 | NoUnits 0.0eée2. ( 1 4
Perpendicular_Column_Reflectance_Uncertainty 53] Float 32 | NoUnits 0.0eTBDO 1 4
Column_lIntegrated_Attenuated_Backscatter 532 Float_32 srt 0. @6 1 4
Column_IAB_Cumulative_Probability Float_32 | NoUnits 0.0ée1. ( 1 4
Tropopause_Height Float_32 km 4. 0é22. 1 4
Tropopause_Temperature Float_32 °C -100 . 628.0 1 4
IGBP_Surface_Type Int_8 NoUnits 1é18 1 1
NSIDC_Surface_Type Uint_8 | NoUnits 0é255 1 1
Lidar_Surface_Elevation Float_32 km 1. 0é09. 2 8
DEM_Surface_Elevation Float_32 km 1. 0é09. 1 4
Number_Layers_Found Int_8 NoUnits 0é1o0 1 1
Record Size (bytes) 116
C) International Atomic Time (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff

Table 39 Lidar 1 km Layer Descriptor Record: Cloudsi Version 3.x
. . Elem/

Parameter Data Type | Units Nominal Range Rec Bytes
Layer_Top_Altitude Float_32 km -0.5é20 10 40
Layer_Base_Altitude Float_32 km -0.5é20 10 40
Layer Top_ Pressure Float_32 hPa 1.0é 1,086.0 10 20
Midlayer_Pressure Float 32 hPa 1.0é 1,086.0 10 20
Layer Base_Pressure Float 32 hPa 1.0é 1,086.0 10 20
Layer_Top_Temperature Float 32 °C -11006 6 @ 10 20
Midlayer_Temperature Float 32 °C -11006 6 @ 10 40
Layer_Base_Temperature Float 32 °C -1100é 6 M 10 20
Attenuated Backscatter_Statistics 532 Float_32 | km'@r! N/A 60 240
Integrated_Attenuated Backscatter 532 Float 32 srt 0.081. 10 40
Integrated_Attenuated_Backscatter_Uncertainty 532 | Float 32 srt 0. ®é 10 40
Attenuated_Backscatter_Statistics 1064 Float_32 | km'@r! N/A 60 240

52




Parameter Data Type| Units Nominal Range Ellqeerzl Bytes
Integrated_Attenuated Backscatter 1064 Float 32 srt 0. 081. 10 40
Integrated_Attenuated_Backscatter Uncertainty 1064 Float 32 srt 0. @& 10 40
Volume_Depolarization_Ratio_Statistics Float 32 | NoUnits N/A 60 240
Integrated_Volume_Depolarization_Ratio Float 32 | NoUnits 0.0¢é1 10 40
Integrated_Volume_Depolarization_Ratio_Uncertainty] Float 32 | NoUnits 0. @6 10 40
Attenuated_Total Color_Ratio_Statistics Float 32 | NoUnits N/A 60 240
Integrated Attenuated_Total_Color_ Rdtio Float 32 | NoUnits 0.0¢é2. 10 40
Integrated_Attenuated_Total Color_Ratio_Uncertainty Float 32 | NoUnits 0. Bé 10 40
Overlying_Integrated_Attenuated Backscatter 532 Float 32 srt 0. @6 10 40
Layer IAB_QA Factor Float 32 | NoUnits 0.0¢é1. 10 40
CAD_Score Int_8 NoUnits -101é10 10 10
Feature_Classification Flads Uint 16 | NoUnits 1é 49,146 10 20
Record Size (bytes) 1,610

J) Referto Table ® for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may be encountered due to noise in weak
signals

L) Notes for depolarization and color ratio fields: Based solely on physical coatgide, the expected range for the
integrated volume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ratioasless cert
but should fall between 0 and 2. However, because these quantities are computed esdhém@atnoisy numbers, the
expected ranges might be exceeded for weakly scattering features or when the overlying attenuation is high.
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Table 40: Lidar 5 km Column Descriptor Record: Cloudsi Version 3.x

Parameter D) Units Nominal Range Bty Bytes
Type Rec

Profile_ID Int 32 | NoUnits| 1é3, 153, 6 2 8
Latitude Float 32| deg -90. 0690 3 12
Longitude Float 32| deg -180.0é61§ 3 12
Profile Timé& Float 64| sec 4. 204E8¢é7 3 24
Profile UTC Timé& Float 64| NoUnits | 604 2 6 . 0,601.6| 3 24
Day_Night_Flag Int_8 | NoUnits 0é1 1 1
Off _Nadir_Angle Float 32| deg 0. 6 1 4
Solar_Zenith_Angle Float 32| deg 0.0é6180 1 4
Solar_Azimuth_Angle Float 32| deg -180.0é61§ 1 4
Scattering_Angle Float 32| deg 0.0e180 1 4
Spacecraft_Position Float 64| km -80 0 0 . ,000.8 9 72
Parallel_Column_Reflectance 532 Float 32| NoUnits 0. @6 1 4
Parallel_Column_Reflectance _Uncertainty 532 Float 32| NoUnits 0.0éeTBD| 1 4
Parallel_Column_Reflectance. RMS Variation 532 | Float 32| NoUnits 0.0éeTBD| 1 4
Perpendicular_Column_Reflectance 532 Float 32| NoUnits 0. @6 1 4
Perpendicular_Column_Reflectance_Uncertainty 532| Float 32| NoUnits 0.0éeTBD| 1 4
Perpendicular_Column_Reflectance RMS Variation | Float 32| NoUnits 0.0éeTBD| 1 4
Column_Integrated_Attenuated Backscatter 532 Float 32| srt! 0. @6 1 4
Column_IAB_Cumulative_Probability Float 32| NoUnits 0.0ée1.0 1 4
Column_Optical_Depth_Cloud_532 Float_32| NoUnits 0. B¢ 1 4
Column_Optical_Depth_Cloud)ncertainty 532 Float_32| NoUnits 0. ®#99 1 4
Column_Optical Depth_Aerosols 532 Float 32| NoUnits 0. @& 1 4
Column_Optical Depth_Aerosoldncertainty 532 Float 32| NoUnits 0. ®e99 1 4
Column_Optical_Depth_Stratospheric_532 Float_32| NoUnits 0. @& 1 4
Column_Optical DepttStratosphericUncertainty 532 | Float 32| NoUnits 0. ®e99 1 4
Column_Optical_Depth_Aerosols_1064 Float_32| NoUnits 0. B% 1 4
Column_Optical_Depth_Aerosolgncertainty 1064 Float 32| NoUnits 0. ®%99 1 4
Column_Optical_Depth_Stratospheric_1064 Float_32| NoUnits 0. @& 1 4
Column_Optical_Depth_Stratospherigncertainty 1064 | Float 32| NoUnits 0. ®%99 1 4
Column_Feature_Fraction Float 32| NoUnits 0.0é61.0 1 4
Tropopause Height Float 32 km 4. 06é622. 1 4
Tropopause_Temperature Float 32 °C -100.0é -20.0 1 4
IGBP_Surface Type Int. 8 | NoUnits 1618 1 1
NSIDC_Surface_Type Uint_8 | NoUnits 0é255 1 1
Lidar_Surface_Elevation Float 32 km -1.0é69.(q 8 32
DEM_Surface_Elevation Float 32 km -1.0é69. (0 4 16
Surface_Elevation_Detection_Frequency Uint_8 | NoUnits 0é165 1 1
Normalization_Constant_Uncertainty Float 32| NoUnits 0.0ée1.0 2 8
FeatureFinderQC Uint_16 | NoUnits 0é32,76 1 2
Calibration_Altitude 532 Float 32 km 0.0é640. 2 8
Number_Layers Found Int 8 | NoUnits 0é10 1 1
Record Size (bytes) 323

C) International Atomic Time (TAI) seconds from Jan. 1, 1993

D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff

L) Spacecraft_Position is a 3x3 array which includes the position for the three latitudes

M) Column optical depths will occasionally exceed the maximum value cited here. Users are advised that these especially
large values are numerical artifacts of the retrieval process, and do not represent realistic, physically meaningful retrieva

54



Table 41 Lidar 5 km Layer Descriptor Record:

Cloudsi Version 3.x

Data

Elem/

Parameter Units | Nominal Range Bytes
Type Rec
Layer Top_Altitude Float 32| km -0. 5630 10 40
Layer Base Altitude Float 32| km -0. 5630 10 40
Layer Base Extended Ulnt 16 | NoUnits 1é649, 1| 10 20
Layer Top_ Pressure Float 32| hPa 1.0é 1,086.0 10 40
Midlayer Pressure Float 32| hPa 1.0é 1,086.0 10 40
Layer Base Pressure Float 32| hPa 1.0é 1,086.0 10 40
Layer Top Temperature Float 32| °C -1100é6 6 M 10 40
Midlayer_Temperature Float 32| °C -1100é6 6 M 10 40
Layer Base Temperature Float 32| °C -1100é6 6 M 10 40
Opacity Flag Int 8 | NoUnits 0él 10 10
Horizontal Averaging Int 8 km 5é680 10 10
Single_Shot Cloud_Cleared_Fraction Float 32| NoUnits 0.0é 1.0 10 40
Attenuated_Backscatter_ Statistics_532 Float 32| km@r?! N/A 60 240
Integrated_Attenuated Backscatter 532 Float 32| srt 0. a8 10 40
Integrated_Attenuated Backscatter Uncertainty 532 Float 32| srt 0. @& 10 40
Attenuated_Backscatter Statistics 1064 Float 32| km@r? N/A 60 240
Integrated_ Attenuated_Backscatter 1064 Float 32| srt 0. 081 .| 10 40
Integrated_Attenuated Backscatter _Uncertainty 1064 Float 32| srt 0. @& 10 40
Volume_Depolarization_Ratio_Statistics Float_32| NoUnits N/A 60 240
Integrated_Volume_Depolarization Ratio Float_32| NoUnits 0.0¢é1 10 40
Integrated_Volume_Depolarization_Ratio_Uncertainty Float_32| NoUnits 0. @6 10 40
Attenuated_Total Color Ratio_Statistics Float_32| NoUnits N/A 60 240
Integrated_Attenuated_Total Color_Rdtio Float_32| NoUnits 0. 0é2. 10 40
Integrated_Attenuated_Total Color_Ratio_Uncertainty Float_32| NoUnits 0. B 10 40
Overlying_Integrated_Attenuated Backscatter 532 Float 32| srt 0.0é 2.0 10 40
Layer IAB_ QA Factor Float_ 32| NoUnits 0.0é1. 10 40
Feature_Classification Flags Uint_16 | NoUnits 1é¢49, 1| 10 20
ExtinctionQC_532 Uint_16 |NoUnits| 0 é32,768 10 20
CAD_Score Int 8 [NoUnits| -101é 10| 10 10
Measured Two_Way Transmittance 532 Float_32| NoUnits 0.0é1. 10 40
Measured _Two_Way Transmittance Uncertainty 532 Float_32| NoUnits 0. aé 10 40
Two_Way Transmittance_Measurement_Region Float 32| km 0. 0630 20 80
Feature Optical Depth 532 Float_32| NoUnits 0. 0é5.| 10 40
Feature_Optical Depth_Uncertainty 532 Float_32| NoUnits 0. 0é6TB| 10 40
Initial 532 Lidar Ratio Float 32 sr 1906 2 10 40
Final 532 Lidar_Ratio Float 32 sr 0.0é25| 10 40
Lidar_Ratio 532 Selection_Method Int 8 | NoUnits 0. 0é5.| 10 10
Layer_ Effective 532 Multiple Scattering_Factor Float_32| NoUnits 0.6 10 40
Integrated_Particulate_Depolarization_Ratio Float_32| NoUnits 0.0é1. 10 40
Integrated_Particulate_Depolarization_Ratio_Uncertainty Float_32| NoUnits 0. ®¥9 10 40
Particulate_Depolarization_Ratio_Statistics Float_ 32| NoUnits N/A 60 240
Cirrus_Shape_Parameter Int 16 | NoUnits N/A 40 80
Cirrus_Shape_Parameter_Uncertainty Int 16 | NoUnits N/A 40 80
Cirrus_Shape_Parameter_Invalid_Points Int 16 | NoUnits N/A 10 20
Ice_ Water_ Path Float 32| g/m? 0.06 2 0.0 10 40
Ice_Water_Path_Uncertainty Float 32| g/m? 0. ®€99 10 40
Record Size (bytes) 2,760

J) Refer toTable ® for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may result due tinneesak signals
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L) Notes for depolarization and color ratio fields: Based solely on physical considerations, the expected range for the
integrated volume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ragaasness

but should fall between 0 and 2. However, because these quantities are computed as the ratio of two noisy numbers, the
expected ranges might be exceeded for weakly scattering features or when the overlying attenuation is high.

Note: The first 32arameters ifables41 and43 (5 km Layer Descriptor Record for Aerosols) are identical.
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Table 42 Lidar 5 km Column Descriptor Record: Aerosolsi Version 3.x

Parameter Data Units Nominal Range S/ Bytes
Type Rec

Profile_ID Int 32 | NoUnits | 1é 3, 153, 2 8
Latitude Float 32 deg -90. 0690 3 12
Longitude Float 32 deg -180. 0é1 3 12
Profile_Time& Float 64 sec 4. 204E8¢é7 3 24
Profile UTC_Timé& Float 64| NoUnits | 604 2 6 . 0,601.6 3 24
Day Night Flag Int 8 NoUnits 0é1l 1 1
Off Nadir_Angle Float 32 deg 0. ®6 1 4
Solar_Zenith_Angle Float 32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float 32 deg -180. 0é1 1 4
Scattering_Angle Float 32 deg 0.0é6180 1 4
Spacecraft_Position Float 64 km -80 0 0 . ,000.8 9 72
Parallel_Column_Reflectance 532 Float 32| NoUnits 0. 0é2. 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float 32| NoUnits 0.0é6TBLO 1 4
Parallel_Column_Reflectance_ RMS_Variation 532 Float 32| NoUnits 0.0é6TBLO 1 4
Perpendicular_Column_Reflectance 532 Float 32| NoUnits 0. 0é2. 1 4
Perpendicular_Column_Reflectance_Uncertainty 532 | Float 32| NoUnits 0.0é6TBLO 1 4
Perpendicular_Column_Reflectance. RMS_Variation § Float 32| NoUnits 0.0é6TBLO 1 4
Column_Integrated_Attenuated Backscatter 532 Float 32 srt 0. @6 1 4
Column_IAB_Cumulative_Probability Float 32| NoUnits 0.0é1 1 4
Column_Optical_Depth_Cloud_532 Float 32| NoUnits 0. & 1 4
Column_Optical_Depth_Cloud)ncertainty 532 Float 32| NoUnits 0. ®%99 1 4
Column_Optical_Depth_Aerosols 532 Float 32| NoUnits 0. B& 1 4
Column_Optical_Depth_Aerosoldncertainty 532 Float 32| NoUnits 0. ®%99 1 4
Column_Optical_Depth_Stratospheric_532 Float 32| NoUnits 0. B& 1 4
Column_Optical_Depth_Stratospherigncertainty 532 Float 32| NoUnits 0. ®%99 1 4
Column_Optical_Depth_Aerosols_1064 Float 32| NoUnits 0. B& 1 4
Column_Optical_Depth_Aerosolgncertainty 1064 Float_32| NoUnits 0. ®%99 1 4
Column_Optical_Depth_Stratospheric_1064 Float_32| NoUnits 0. B& 1 4
Column_Optical_Depth_Stratosphefigncertainty 1064 | Float 32| NoUnits 0. ®%99 1 4
Column_Feature_Fraction Float_32| NoUnits 0. 0é1. 1 4
Tropopause Height Float_32 km 4. 06é622. 1 4
Tropopause_Temperature Float_32 °C -100 . G28.0 1 4
IGBP_Surface Type Int 8 NoUnits 1618 1 1
NSIDC_Surface Type Uint_8 | NoUnits 0é255 1 1
Lidar_Surface_Elevation Float_32 km -1.0é9. 8 32
DEM_Surface Elevation Float_32 km -1. 0é69. 4 16
Surface_Elevation_Detection_Frequency Uint_8 | NoUnits 0é165 1 1
Normalization_Constant_Uncertainty Float_32| NoUnits 0. 0é1. 2 8
Calibration_Altitude 532 Float 32 km 0.0ée40. 2 8
FeatureFinderQC Uint_16 | NoUnits 0é32,76 1 2
Number Layers Found Int 8 NoUnits 0é8 1 1
Surface_Wind_Speed Float 32| ms? -80.0é 8 M 2 8
Record Size (bytes) 331

C) International Atomic Time (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
L) Spacecraft_Position is a 3x3 array which includes the position for the three latitudes
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Table 43. Lidar 5 km Layer Descriptor Record: Aerosolsi Version 3.x

Parameter D) Units | Nominal Range e Bytes
Type Rec

Layer_Top_Altitude Float_32 km -0. 5630 8 32
Layer Base Altitude Float 32 km -0.5é630 8 32
Layer Base Extended Ulnt_16 | NoUnits 1€ 49,146 8 10
Layer Top_Pressure Float 32 hPa 1.0é 1,086.0 8 32
Midlayer_Pressure Float_32 hPa 1.0é 1,086.0 8 32
Layer Base Pressure Float 32 hPa 1.0é 1,086.0 8 32
Layer_Top_Temperature Float 32 °C -11006 6 @ 8 32
Midlayer_Temperature Float_32 °C -11006 6 @ 8 32
Layer_Base_Temperature Float 32 °C -1100é 6 M 8 32
Opacity Flag Int_8 NoUnits 0él 8 8
Horizontal Averaging Int_8 km 5é80 8 8
Attenuated Backscatter_Statistics_532 Float 32 | km@r! N/A 48 192
Integrated_Attenuated Backscatter 532 Float 32 srt 0.081. 8 32
Integrated_Attenuated Backscatter Uncertainty 532 Float 32 srt 0. Mé 8 32
Attenuated_Backscatter_Statistics_1064 Float 32 | km@r! N/A 48 192
Integrated_Attenuated Backscatter 1064 Float 32 srt 0.081. 8 32
Integrated_Attenuated Backscatter Uncertainty 1064 | Float 32 srt 0. Mé 8 32
Volume_ Depolarization Ratio Statistics Float 32 | NoUnits N/A 48 192
Integrated_Volume_ Depolarization Ratio Float 32 | NoUnits 0.0é1 8 32
Integrated_Volume_Depolarization Ratio _Uncertainty Float 32 | NoUnits 0. 26 8 32
Attenuated Total Color Ratio Statistics Float 32 | NoUnits N/A 48 192
Integrated Attenuated Total Color Ratio Float 32 | NoUnits 0.0ée2. 8 32
Integrated_Attenuated Total Color Ratio Uncertainty | Float 32 | NoUnits 0. B 8 32
Overlying_Integrated Attenuated Backscatter 532 Float 32 srt 0. @6 8 32
Layer_IAB_QA_Factor Float_32 | NoUnits 0.0é1.] 8 32
Feature Classification Flags Ulnt_ 16 | NoUnits 1649, 1 8 16
ExtinctionQC_532 Ulnt_ 16 | NoUnits 0é65,5 8 16
ExtinctionQC_1064 Ulnt_ 16 | NoUnits 0é65,5 8 16
CAD_Score Int_8 NoUnits -101é 1 8 8 8
Measured Two Way Transmittance 532 Float 32 | NoUnits 0. 0é1 8 32
Measured Two_Way Transmittance Uncertainty 532 | Float 32 | NoUnits 0.0éeTB| 8 32
Two_Way_Transmittance_Measurement_Region Float 32 km 0. 0630 16 64
Feature Optical Depth 532 Float 32 | NoUnits 0. B8 8 32
Feature Optical Depth Uncertainty 532 Float 32 | NoUnits 0.0éeTB| 8 32
Initial_532_Lidar_Ratio Float 32 sr 2006 7 @ 8 32
Final_532_Lidar_Ratio Float 32 sr 0.0é25 8 32
Lidar_Ratio_532_Selection_Method Int_8 NoUnits 0é5 8 8
Layer Effective 532 Multiple Scattering Factor Float 32 | NoUnits 1.0 8 32
Integrated_Particulate Depolarization_Ratio Float 32 | NoUnits 0.0é1 8 32
Integrated Particulate Depolarization Ratio Uncertaintf Float 32 | NoUnits 0. ®€99 8 32
Particulate Depolarization Ratio Statistics Float 32 | NoUnits N/A 48 192
Feature_Optical_Depth_1064 Float 32 | NoUnits 0. B8 8 32
FeatureOptical_Depth_Uncertainty 1064 Float 32 | NoUnits 0.0éeTB| 8 32
Initial 1064 Lidar Ratio Float 32 Sr 30. 0é5 8 32
Final 1064 Lidar Ratio Float 32 Sr 0.0é25 8 32
Lidar_Ratio 1064 Selection_Method Int_8 NoUnits 0é>b 8 8
Layer Effective_1064_ Multiple_Scattering_Factor Float 32 | NoUnits 1.0 8 32
Integrated_Particulate_Color_Ratio Float 32 | NoUnits 0. 0é4 8 32
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Parameter .?;;2 Units | Nominal Range Ellqeerzl Bytes
Integrated_Particulate_Color_Ratio_Uncertainty Float 32 | NoUnits 0.0é1. 8 32
Particulate Color Ratio Statistics Float 32 | NoUnits N/A 48 192
Relative_Humidity Float_32 % 0.06 1 5.0 8 32
Single_Shot_Cloud_Cleared_Fraction Float 32 | NoUnits 0.0é1. 8 32
Record Size (bytes) 2,466

J) Referto Table ® for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may be encountered due to noise in weak
signals

L) Notes for depolarization and color ratio fields: Based solely on physical considerations, the expected range for the
integrated volume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ratio is less
certain, but shdd fall between 0 and 2. However, because these quantities are computed as the ratio of two noisy humbers,
the expected ranges might be exceeded for weakly scattering features or when the overlying attenuation is high.
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2.7 Lidar Level 2 Cloud, Aerosoland Merged Layer Products DP 2.1Ai Version
4.20

The Lidar Level 2 cloud layer products are produced at three horizontal resolutions: 1/3 km, 1 km, and
5 km. The Lidar Level 2 aerosahd mergedhyer products are produced at a 5 km horizontal resolution.
Themerged layer product is a combination of the aerosol and cloud layer products. Thaetoad|

and mergedhyer data products are written in Hierarchical Data Format jHC#bles 44-48 summarize

the content and estimated size of each of the layer pi®dhive data files will be produced for each
granule: a 1/3 km resolution cloud product, 1 km resolution cloud produckna reésolution cloud
product,a 5 km resolution aerosol produand a 5 km resolution merged product

Within the Lidar CloudAerosoland Merged.ayer Productthere are two general classes of data:

A Column Properties (including position data and viewing geometry)
A Layer Properties

The lidar layer products consist of a sequence of column descriptors, each one of which is associated
with a variable number of layer descriptors. The column descriptors specify the temporal and geo
physical location of the column of the atmosphere through which a given lidar pulse travels. Also
included in the column descriptors are indicators of sutigbéing conditions, information about the
surface type, and the number of features (e.g., cloud and/or aerosol layers) identified within the column.

For each feature within a column, a set of layer descriptors is reported. The layer descriptors provide
information about the spatial and optical characteristics of a feature, such as base and top altitudes,
integrated attenuated backscatter, and optical depth.

The number of layers has a substantial impact on the data product sizes; therefore, for eecluset of
descriptors defined in this section, the maximum number of layer descriptors is specified in the
element/record and byte fields. These values are meant to represent an upper bound on the number of
layers that might be reasonably encountered inlavedd data set.

Level: 2
Type: Archival
Frequency: Standard:  2/Orbit

Spatial Resolution Record: Standard:  1/3 km (full resolution)
1 km horizontal
5 km horizontal

Time Interval Covered: Standard:  Half Orbit (Day or Night)

Data FileName:
Standard:  CAL_LID_L2_ 333mMLay-StandareVersion.Instance.hdf

Standard: CAL_LID L2 01kmCLayStandareVersion.Instance.hdf
Standard: CAL_LID_L2 05kmCLayStandareVersion.Instance.hdf
Standard: CAL_LID_ L2 05kmALayStandareVersion.Instance.hdf
Standard: CAL_LID_L2 05kmMLay-StandareVersion.Instance.hdf
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2.7.1 Lidar Level 2 Cloud and Aerosol Layers Record Sumninavirsion 420
Table 44: 1/3 km Lidar Merged Layer Record Summaryi Version 420
Reference Individual . File Size
Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table © 42,670 1 42,670
1/3 km Column Descriptor Recorifterged Table53 112 60,143 6,736,016
Lidar Surface Detection Information Table51 84 4,010 336,840
1/3 km Layer Descriptor RecorMerged Table54 1,010 60,143 60,744,43(C
Total Sizei Standard (bytes) 67860859
Total Sizei Standard (Mbytes) 6627
Table 45: 1 km Lidar Cloud Layer Record Summaryi Version 420
Reference Individual : File Size
Record Name Table Record Size Records/File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table £ 42,670 1 42,670
1 km Column Descriptor Record: Clouds Table55 112 21,210 2375520
Lidar Surface Detection Information Table51 84 4,010 336,840
1 km Layer Descriptor Record: Clouds Table56 1,890 21,210 40,086,900
Total Sizei Standard (bytes) 42842833
Total Sizei Standard (Mbytes) 4184
Table 46: 5 km Lidar Cloud Layer Record Summaryi Version 420
Reference Individual : File Size
Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table £ 42,670 1 42,670
5 km Column Descriptor Record: Clouds Table57 295 4,010 1,182,950
5 km Layer Descriptor Record: Clouds Table58 2912 4,010 11,677,12C
Single ShoParameters Table50 1,193 63,630 75910590
Lidar Surface Detection Information Table51 84 4,010 336,840
Single S_hot Lidar Surface Detection Table52 80 63.630 5,090,400
Information
Total Sizei Standard (bytes) 94,241,473
Total Sizei Standard (Mbytes) 92.03
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Table 47: 5 km Lidar Aerosol Layer Record Summaryi Version 420

Reference Individual . File Size

Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record Appendix A 4 1 4
Lidar Cloud & AerosolMetadateRecord Table 0 42,670 1 42,670
5 km Column Descriptor Record: Aerosols  Table ® 304 4,010 1,219,090
5 km Layer Descriptor Record: Aerosols Table60 2,770 4,010 11,107,700
Single ShoParameters Table50 1,188 63,630 75592440
Lidar Surface Detection Information Table51 84 4,010 336,840
Single S_hot Lidar Surface Detection Table52 80 63,630 5,090,400
Information
Total Sizei Standard (bytes) 93,389,993
Total Sizei Standard (Mbytes) 91.20

Table 48 5 km Lidar Merged Layer Record Summaryi Version 420

Reference Individual : File Size

Record Name Table Record Size Records/ File (bytes)
Core Metadata Record Appendix A 899 1 899
Archive Metadata Record AppendixA 4 1 4
Lidar Cloud & Aerosol Metadata Record Table £ 42,670 1 42,670
5 km Column Descriptor Recorlflerged Table61 304 4,010 1,219,0D
5 km Layer Descriptor RecorMerged Table62 5,355 4,010 21,473,55C
Single Shot Parameters Table50 1,193 63,630 75910590
Lidar Surface Detection Information Table51 84 4,010 336,840
Single S_hot Lidar Surface Detection Table 52 80 63,630 5,090,400
Information
Total Sizei Standard (bytes) 104,073993
Total Sizei Standard (Mbytes) 10164
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2.7.2  Lidar Cloud,Aerosoland Merged.evel 2 Metadata Version 420

The Lidar CloudAerosol and Merged_evel 2 layer products include three Vdata record types (i.e.,
metadata), as specified in the tables above. Listings for the core metadata and the archive metadata are
provided in Appendix A. The metadata parameters specific to the cloud and aeroso? ILeyer

Products are listed ifable49.

Table 49: Lidar Cloud, Aerosoland MergedLevel 2 Layer Metadata Recordi Version 420

Parameter DETE) Units Nominal Range Bty Bytes
Type Rec

Product_ID Char NoUnits L2 LIDAR 80 80
Date Time_ at Granule Start Char NoUnits 4/20061 12/2026 27 27
Date_Time at Granule Efhd Char NoUnits 4/20061 12/2026 27 27
Date_Time of Productidn Char NoUnits 4/20061 12/2026 27 27
Number_of Good_Profiles Int_32 NoUnits 0é63, 63( 1 4
Number_of Bad_Profiles Int_32 NoUnits 0é63, 63( 1 4
Initial_Subsatellite Latitude Float 32 deg 90. 0690, 1 4
Initial_Subsatellite_Longitude Float_32 deg -180. 0é18 1 4
Final_Subsatellite Latitude Float 32 deg 90. 0690, 1 4
Final_Subsatellite Longitude Float 32 deg -180. 0618 1 4
Orbit Number_at Granule Start Ulnt 32 N/A 1é 21 1 4
Orbit Number_at Granule End Ulnt 32 N/A 1é 21 1 4
Orbit_ Number_Change_TirRe Float 64 | NoUnits 6 0, 42261,2818 1 8
Path Number_at Granule_Start Int 16 N/A 16233 1 2
Path Number at Granule End Int 16 N/A 16233 1 2
Path_Number_Change_Tifhe Float_64 | NoUnits 6 0, 4 2261,26160 1 8
Lidar L1 Production Date Time Char NoUnits 4/20061 12/2026 27 27
Number_of Single_Shot_Records_in_Filg  Int_32 NoUnits 0é63, 63( 1 4
Number of Average Records in File Int_32 NoUnits 0é21, 21( 1 4
Number_of Features_Found Int_32 NoUnits 0é616, 60 1 4
Number_of Cloud Features Found Int_32 NoUnits 0é572, 67 1 4
Number_of Aerosol_Features_Found Int_32 NoUnits 0é33, 93¢ 1 4
Number of Indeterminate Features Fou| Int 32 NoUnits 0é572, 64 1 4
Lidar_Data_Altitudes Float_32 km 2. 0é40. 583 2,332
GEOS_Version Char NoUnits N/A 64 64
Classifier_Coefficients Version_Number Char NoUnits 0.0é99. 1 4
Classifier_Coefficients Version Date Char NoUnits 4/20061 12/2026 1 6
Production_Script Char N/A N/A 40,000 | 40,000
Record Size (bytes) 42,670

A) UTC CCSDS ASCII Time Code Format A
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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2.7.3 Lidar Cloud, Aerosoland Merged Level 2 Shared Parameter Information
Version 420

The Lidar Cloud, Aerosol, and Merged Level 2 layer products contain thepsaamaeter information.
Single Shot Parameterformation within each dataroduct found infable50. Table51 contains Lidar
Surface Detection information.
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Table 50: Lidar Cloud, Aerosol and Merged Level 2 LayerSingle Shot Parameters Version

4.20
Parameter _Il?ata Units Nominal Range e Bytes
ype Rec

Lidar_Surface Detection Table Info Information 1 80
ssProfile_ID Int 32 |NoUnits| 1 63, 153, 2 8
ssLatitude Float_32| deg -90.0é90 3 12
ssLongitude Float 32| deg -180. 0é1| 3 12
ssProfile_Timé& Float 64| sec .204E8¢ 3 24
ssProfile UTC_Time Float 64/ NoUnits| 6 0, 426 . 0&| 3 24
ssParallel Column_Reflectance 532 Float 32| NoUnits 0. @6 1 4
ssParallel_Column_Reflectance Uncertainty 532 Float 32| NoUnits 0.0é6TBL 1 4
ssPerpendicular_Column_Reflectance 532 Float 32| NoUnits 0. @6 1 4
ssPerpendicular_Column_Reflectance Uncertainty § Float_ 32| NoUnits 0.0éT7TBI0 1 4
ssColumn_Integrated _Attenuated Backscatter 532 | Float 32| sr?! 0. 0é2. 1 4
ssColumn_IAB_Cumulative_Probability Float 32| NoUnits 0.0eée1. 1 4
ssDEM_Surface_Elevation Float 32| km -1. 0é9. 4 16
ssLaser Energy 532 Float 32| Joules 0.003¢é0 1 4
ssNumber_Layers Found Int 8 | NoUnits 0é5 1 1
ssLayer Top_ Altitude Float 32| km -0. 5é8. 5 20
ssLayer Base_ Altitude Float 32| km -0. 5é8. 5 20
ssLayer Top_ Pressure Float 32| hPa 1.0é 1,086.0 5 20
ssMidlayer Pressure Float 32| hPa 1.0é 1,086.0 5 20
ssLayer Base Pressure Float 32| hPa 1.0é 1,086.0 5 20
ssLayer Top Temperature Float 32| °C -1100é6 6 @ 5 20
ssLayer Centroid Temperature Float 32| °C -110. 0é6 5 20
ssMidlayer Temperature Float 32| °C -1100é6 6 @ 5 20
ssLayer Base Temperature Float 32| °C -1100é6 6 @ 5 20
ssOpacity Flag Int 8 | NoUnits 0é1l 5 5
ssAttenuated_Scattering Ratio_Statistics 532 Float 32| NoUnits N/A 30 120
ssAttenuated _Backscatter_Statistics 532 Float_32| kmGr! N/A 30 120
ssintegrated Attenuated Backscatter 532 Float 32| srt 0061. 8 5 20
ssintegrated_Attenuated Backscatter Uncertainty 5| Float 32| sr? 006 0. 5 5 20
ssAttenuated _Backscatter_Statistics_1064 Float_32| kmGr! N/A 30 120
ssintegrated Attenuated Backscatter 1064 Float 32| srt 0061. 8 5 20
ssintegrated_Attenuated Backscatter Uncertainty 1| Float 32| sr? 006 0. 5 5 20
ssVolume Depolarization Ratio_Statistics Float 32| NoUnits N/A 30 120
ssintegrated_Volume_Depolarization_Ratio Float 32| NoUnits 0.0é 1.0 5 20
ssintegrated Volume_Depolarization Ratio_Uncerta| Float 32| NoUnits 0.0é 2.0 5 20
ssAttenuated_Total Color Ratio Statistics Float 32| NoUnits N/A 30 120
ssintegrated Attenuated Total Color Ratio Float 32| NoUnits 0.0é 2.0 5 20
ssintegrated Attenuated Total Color Ratio_Uncertg Float 32| NoUnits 0.0é 3.0 5 20
ssOverlying Integrated Attenuated Backscatter 531 Float 32| sr? 0.0é 2.0 5 20
ssLayer IAB_ QA Factor Float 32| NoUnits 0.0é 1.0 5 20
ssCAD_Score Int 8 | NoUnits -1 0 1166 5 8
ssinitial_ CAD_Scor Int 8 | NoUnits -1 0 1149 5 5
ssFeature_Classification_Fldgs Ulnt 16 | NoUnits 1649, 14 5 10
ssWas_Cleared Int 8 | NoUnits 0é1l 5 5
Record Size (bytes) 1,193
C) International Atomic Time (TAl) seconds from Jan. 1, 1993

D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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R) sslnitial_CAD_Score is excluded from th&ra Aerosol Layer Product.
W) ssFeature_Classification_Flags appears above ssCAD_Score in the data product, 05kenslbayl20.

Table 51: Lidar Surface Detection Information 1 Version 420

Data

Elem/

Parameter Type Units | Nominal Range Rec Bytes
Surface_Top_ Altitude 532 Float 32| km -0.5é8. 1 4
Surface_Base_ Altitude 532 Float 32| km -0.5é8. 1 4
Surface_Integrated_Attenuated Backscatter 532 Float 32| sr?! 0.0é2.| 1 4
Surface 532 Integrated Depolarization Ratio Float 32| NoUnits 0.0é1.| 1 4
Surface 532 Integrated Attenuated Color Ratio Float 32| NoUnits 0.0é2.| 1 4
Surface Detection_Flags 532 Ulnt_16 | NoUnits 0é 8,192 1 2
Surface Detection_Confidence 532 Float 32| NoUnits 0.0é1.| 1 4
Surface Overlying_Integrated_Attenuated_Backscatter 5| Float 32| sr! 0.0é2.| 1 4
Surface ScaledRMS_Background_532 Float_32| kmr@rt 0. @65 1 4
Surface_Peak_Signal_532 Float 32| km'@r? 0.0é3. 1 4
Surface Detections 333m_ 532 Int 16 | NoUnits 0él15 1 2
Surface Detections 1km 532 Int 16 | NoUnits 0é5 1 2
Surface_Top_Altitude 1064 Float 32| km -0.5é8. 1 4
Surface Base_ Altitude 1064 Float 32| km -0.5é8. 1 4
Surface_Integrated Attenuated Backscatter 1064 Float 32| sr?! 0.0ée2.| 1 4
Surface 1064 Integrated Depolarization Ratio Float 32| NoUnits 0.0e1.| 1 4
Surface 1064 Integrated Attenuated Color Ratio Float 32| NoUnits 0.0ée2.| 1 4
Surface_Detection_Flags 1064 Ulnt_16 | NoUnits 0é 1 @84 1 2
Surface_Detection_Confidence 1064 Float 32| NoUnits 0.0e1.| 1 4
Surface Overlying_Integrated_Attenuated Backscatter 1| Float 32| sr?! 0.0ée2.| 1 4
Surface_Scaled_ RMS_Background_1064 Float_32| km@rt 0. M65 1 4
Surface_Peak_Signal_1064 Float 32| km'@r? 0.0é3. 1 4
Surface Detections_333m_1(64 Int 16 | NoUnits 0él15 1 2
Surface Detections_1km_ 1064 Int_ 16 | NoUnits 0é5 1 2

Record Size (bytes)

S

S) included in the km and 5km resolution products only
T) included in the %m resolution products only
U) not included in the 3381 merged layer product
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Table 52 Single ShotLidar Surface Detection Information i Version 420

Data

Elem/

Parameter Units | Nominal Range Bytes
Type Rec

ssSurface_Top_Altitude 532 Float 32| km -0.5é8.,| 1 4
ssSurface_Base Altitude 532 Float 32| km -0.5é8.,| 1 4
ssSurface_Integrated Attenuated Backscatter 532 Float 32| srt 0.0é2. 1 4
ssSurface 532 _Integrated_Depolarization_Ratio Float 32| NoUnits 0.0ée1.] 1 4
ssSurface 532 _Integrated_Attenuated Color_Ratio Float 32| NoUnits 0.0é2. 1 4
ssSurface_Detection_Flags 532 Ulnt 16 | NoUnits 1é 892 1 2
ssSurface Detection_Confidence 532 Float 32| NoUnits 0.0ée1.] 1 4
ssSurface Overlying_Integrated_Attenuated Backscatter 5| Float 32| srt 0.0é2. 1 4
ssSurface Scaled_ RMS_Background_532 Float_32| km@rt 0. 0€é0. 1 4
ssSurface_Peak_Signal_532 Float_32| km1Gr! 0.0é63. 1 4
ssSurface_Top_Altitude 1064 Float 32| km -0.5é8.,| 1 4
ssSurface _Base Altitude 1064 Float 32| km -0.5é8.,| 1 4
ssSurface_Integrated Attenuated Backscatter 1064 Float 32| sr?! 0.0é2. 1 4
ssSurface_1064 Integrated_Depolarization_Ratio Float_32| NoUnits 0.0ée1.] 1 4
ssSurface_1064 Integrated Attenuated_Color_Ratio Float_32| NoUnits 0.0é2. 1 4
ssSurface_Detection_Flags 1064 Uint_16 | NoUnits 1¢é 1,34 1 2
ssSurface_Detection_Confidence 1064 Float_32| NoUnits 0.0é1 1 4
ssSurface Overlying_Integrated_Attenuated Backscatter 1| Float 32| sr? 0. 0é2 1 4
ssSurface_Scaled RMS_Background_1064 Float_32| km@rt 0. @65 1 4
ssSurface_Peak_Signal_1064 Float_32| km1Gr? 0.0¢é3 1 4
Record Size (bytes) 80
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2.7.4  Lidar Cloud,Aerosoland Merged Level 3cientific Data Sets Version 420

Table53 throughTable62 summarize the content of each scientific data set (SDS) contained within
the Lidar Level 2 layer products. Each parameter is listed using the same SDS name ttan idase
respective HDF files. Units are given for each parameter, as is the range of valid data values.

Within the | ayer descriptors are a number of ¢
Attenuated Backscatter_Statistics_m3Zable54, Table56, andTable58, and Table0. These fields
are composite data structures that contain the following descriptive statistics for the named parameter:

T minimum value
 maximum value
 mean value
1 standard deviation of the mean
1 centroid (units = kilometers; range = fe@lpase to feature top)
1 skewness coefficient (unitless)
The units for the first four values are supplie

e.g., the units for the first four values of thtenuated Backscatter Statistics_%8B@, as indicated in
Table54, km@rt,
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Table 53: Lidar 1/3 km Column Descriptor Record: Mergedi Version 420

Elem/

Parameter Data Type| Units Nominal Range Rec Bytes
Profile_ID Int 32 | NoUnits | 1 €3, 153, 1 4
Latitude Float_32 deg -90.0eée90 1 4
Longitude Float_32 deg -180. 0é1 1 4
Profile_Time Float 64 sec 4. 20 4PRE9| 1 8
Profile_UTC_Timé& Float_64 | NoUnits | 6 0, 4 22612316 1 8
Day_Night_Flag Int_8 NoUnits 0él 1 1
Off_Nadir_Angle Float_32 deg 0.0é5.( 1 4
Solar_Zenith_Angle Float_32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float_32 deg -180. 0¢é1 1 4
Scattering_Angle Float_32 deg 0.0ée180 1 4
Spacecraft_Position Float_64 km -8, 000. 0¢é| 3 24
Laser_Energy 532 Float_32 | joules 0.003¢é0, 1 4
Parallel_Column_Reflectance_532 Float_32 | NoUnits 0. 26 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float_32 | NoUnits 0.0eéeTBLO 1 4
Perpendicular_Column_Reflectance_532 Float_32 | NoUnits 0. @6 1 4
Perpendicular_Column_Reflectance_Uncertainty 5] Float 32 | NoUnits 0.0éTBLC 1 4
Column_Integrated_Attenuated_Backscatter 532 Float_32 srt 0.082 1 4
Column_IAB_Cumulative_Probability Float_32 | NoUnits 0.0ée1.(¢( 1 4
Tropopause_Height Float_32 km 4. 0¢é622. 1 4
Tropopause_Temperature Float_32 °C -100.@ -20.0 1 4
IGBP_Surface_Type Int_8 NoUnits 1é18 1 1
Snow_Ice Surface_Type Uint_8 | NoUnits 0é255 1 1
DEM_Surface_Elevation Float_32 km -1. 0é9. 1 4
Number_Layers_Found Int_8 NoUnits 0ésb 1 1
Record Size (bytes) 112

C) International Atomid’ime (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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Table 54: Lidar 1/3 km Layer Descriptor Record: Merged i Version 420

Parameter Data Type | Units | Nominal Range EFI{eerE/ Bytes
Layer Top_Altitude Float 32 km -0. 5é8. 5 20
Layer Base Altitude Float 32 km -0. 5é8. 5 20
Layer Top_ Pressure Float 32 hPa 1.0é 1,086.0 5 20
Midlayer Pressure Float 32 hPa 1.0é 1,086.0 5 20
Layer Base Pressure Float 32 hPa 1.0é 1,086.0 5 20
Layer Top Temperature Float 32 °C -1100é 6 M 5 20
Layer Centroid Temperature Float 32 °C -110. 0¢é 5 20
Midlayer Temperature Float 32 °C -110. 0¢é 5 20
Layer Base Temperature Float 32 °C -110. 0¢é 5 20
Opacity Flag Int 8 NoUnits 0é1l 5 5
Attenuated Scattering Ratio_Statistics_532 Float_32 | NoUnits N/A 30 120
Attenuated_Backscatter_ Statistics_532 Float 32 | km'@rt N/A 30 120
Integrated_Attenuated Backscatter 532 Float_32 srt 0.0é1. 5 20
Integrated_Attenuated Backscatter Uncertainty 532| Float 32 srt 0.0é0. 5 20
Attenuated_Backscatter Statistics 1064 Float 32 | km'@r! N/A 30 120
Integrated_ Attenuated_Backscatter 1064 Float 32 srt 0. 0é1. 5 20
Integrated_Attenuated Backscatter Uncertainty 1064 Float 32 srt 0.0é0. 5 20
Volume_Depolarization_Ratio_Statistics Float_32 | NoUnits N/A 30 120
Integrded_Volume_Depolarization Ratio Float_32 | NoUnits 0.0é1. 5 20
Integrated_Volume_Depolarization_Ratio_Uncertainty Float 32 | NoUnits 0.0é2. 5 20
Attenuated_Total Color Ratio_Statistics Float_32 | NoUnits N/A 30 120
Integraed_Attenuated Total Color Ratio Float_32 | NoUnits 0.0é2 5 20
Integrated_Attenuated_Total Color_Ratio_Uncertainty Float 32 | NoUnits 0. 0é3 5 20
Overlying_Integrated_Attenuated Backscatter 532 Float_32 srt 0.0é2. 5 20
Layer IAB_ QA Factor Float_32 | NoUnits 0.0é1. 5 20
Feature_Classification Flags Uint_16 | NoUnits 1é¢49, 1 5 10
CAD_Score Int_ 8 NoUnits -1 0 1166 5 5
Initial CAD_Score Int 8 NoUnits -1 0 1149 5 5
Was_Cleared Int 8 NoUnits 0él 5 5
Record Size (bytes) 1,010

J) Refer toTable84 for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may be encountered due to noise in weak
signals

L) Notes for depolarization and color ratio fields: Based solely on physical considerations, the expected range for the
integratedvolume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ratio is less certain,
but should fall between 0 and 2. However, because these quantities are computed as the ratio of two noisy numbers, the
expected ranges gtit be exceeded for weakly scattering features or when the overlying attenuation is high.
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Table 55. Lidar 1 km Column Descriptor Record: Cloudsi Version 420

Parameter Data Type| Units Nominal Range EFlzeen;/ Bytes
Profile_ID Int_ 32 |NoUnits| 1 €3, 153, 1 4
Latitude Float_32 deg 90.0e9(¢ 1 4
Longitude Float_32 deg -180. 0¢é1 1 4
Profile_Time Float_64 sec |4. 204E8¢ 1 8
Profile_ UTC_Timé& Float 64 |NoUnits|6 0, 4 26 2®®| 1 8
Day_Night Flag Int_8 NoUnits 0él 1 1
Off_Nadir_Angle Float_32 deg 0. ®é 1 4
Solar_Zenith_Angle Float_32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float_32 deg -180. 0¢é1 1 4
Scattering_Angle Float_32 deg 0.0é180 1 4
Spacecraft_Position Float_64 km -8, 000. 0¢ 3 24
Parallel_Column_Reflectance_532 Float_32 | NoUnits 0.0é2. 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float_32 | NoUnits 0.0éeTBIL 1 4
Perpendicular_Column_Reflectance_532 Float_32 | NoUnits 0.0eée2. 1 4
Perpendicular_Column_Reflectance_Uncertainty 53 Float_32 | NoUnits 0.0eéeTBIL 1 4
Column_lIntegrated_Attenuated_Backscatter 532 Float_32 srt 0.0é2. 1 4
Column_IAB_Cumulative_Probability Float_32 | NoUnits 0.0é1. 1 4
Tropopause_Height Float_32 km 4.0é22,| 1 4
Tropopause_Temperature Float_32 °C -1 00 .-20.6 1 4
IGBP_Surface_Type Int_8 NoUnits 1é18 1 1
Snow_Ice Surface_Type Uint_8 | NoUnits 0é255 1 1
DEM_Surface_Elevation Float_32 km 1. 0é09. 1 4
Minimum_Laser_Energy 532 Float_32 | joules 0.003¢€0 1 4
Number_Layers_Found Int_8 NoUnits 0é1l1o0 1 1
Record Size (bytes) 112
C) International Atomic Time (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff

Table 56: Lidar 1 km Layer Descriptor Record: Cloudsi Version 420
. . Elem/

Parameter Data Type | Units Nominal Range Rec Bytes
Layer_Top_Altitude Float_32 km -0.5é20 10 40
Layer_Base_Altitude Float_32 km -0.5é20 10 40
Layer Top_ Pressure Float_32 hPa 1.0é 1,086.0 10 20
Midlayer_Pressure Float 32 hPa 1.0é 1,086.0 10 20
Layer Base_Pressure Float 32 hPa 1.0é 1,086.0 10 20
Layer_Top_Temperature Float 32 °C -11006 6 @ 10 20
Layer_Centroid_Temperature Float 32 °C -110. 0é€¢ 10 20
Midlayer_Temperature Float 32 °C -110. 0é¢€¢ 10 40
Layer_Base_Temperature Float 32 °C -110. 0é€¢ 10 20
Opacity _Flag Int_8 NoUnits 0él 10 10
Attenuated Scattering Ratio_Statistics_532 Float_32 | NoUnits N/A 60 240
Attenuated_Backscatter Statistics_532 Float 32 | km'@r! N/A 60 240
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Elem/

Parameter Data Type| Units Nominal Range Rec Bytes
Integrated_Attenuated_Backscatter 532 Float 32 srt 0.0¢é1. 10 40
Integrated_Attenuated_Backscatter _Uncertainty 532 | Float 32 srt 0. 0€é0. 10 40
Attenuated_Backscatter_Statistics 1064 Float 32 | km'@r! N/A 60 240
Integrated_Attenuated Backscatter 1064 Float 32 srt 0. 0é%1. 10 40
Integrated_Attenuated_Backscatter _Uncertainty 1064 Float 32 srt 0. 0€é0. 10 40
Volume_Depolarization_Ratio_Statistics Float 32 | NoUnits N/A 60 240
Integrated_Volume_Depolarization_ Ratio Float 32 | NoUnits 0.0¢é1. 10 40
Integrated_Volume_Depolarization_Ratio_Uncertainty] Float 32 | NoUnits 0.0¢é2. 10 40
Attenuated_Total Color_Ratio_Statistics Float 32 | NoUnits N/A 60 240
Integrated Attenuated_Total_Color Rétio Float 32 | NoUnits 0.0¢é2. 10 40
Integrated_Attenuated_Total Color_Ratio_Uncertainty Float 32 | NoUnits 0. 0é3. 10 40
Overlying_Integrated_Attenuated Backscatter 532 Float 32 srt 0.0¢é2. 10 40
Layer IAB_QA_ Factor Float 32 | NoUnits 0.0¢é1. 10 40
CAD_Score Int 8 NoUnits -1 0 1166 10 10
Initial_ CAD_Score Int_8 NoUnits -1 0 1149 10 10
Feature_Classification Flabs Uint 16 | NoUnits 1 é49,146 10 20
Record Size (bytes) 1,890

J) Referto Table84 for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may be encountered due to noise in weak

signals

L) Notes for depolarization and color ratio fields: Based solely on physical considerations, the expected range for the
integrated volume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ratioasless cert
but shold fall between 0 and 2. However, because these quantities are computed as the ratio of two noisy numbers, the

expected ranges might be exceeded for weakly scattering features or when the overlying attenuation is high.
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Table 57: Lidar 5 km Column Descriptor Record: Cloudsi Version 420

Data Elem/

Parameter Units Nominal Range Bytes
Type Rec

Profile_ID Int 32 NoUnits |1 €3, 153, 2 8
Latitude Float 32 deg 90. 06é69( 3 12
Longitude Float 32 deg -180. 0é1 3 12
Profile_Timé& Float_64 sec 4. 20 ADBEY 3 24
Profile UTC_Timé& Float 64| NoUnits | 60, 426. 061 3 24
Day Night Flag Int_ 8 NoUnits 0él 1 1
Off Nadir_Angle Float 32 deg 0. ®6 1 4
Solar_Zenith_Angle Float 32 deg 0. 0é18( 1 4
Solar_Azimuth_Angle Float 32 deg -180. 0é1 1 4
Scattering_Angle Float 32 deg 0. 0é18( 1 4
Spacecraft_Position Float_64 km -80 0 0. ,000.8 9 72
Parallel_Column_Reflectance 532 Float 32| NoUnits 0. @6 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float 32| NoUnits 0. 0é6TBI 1 4
Parallel_Column_Reflectance_ RMS_Variation 532 Float 32| NoUnits 0. 0é6TBI 1 4
Perpendicular_Column_Reflectance 532 Float 32| NoUnits 0. @6 1 4
Perpendicular_Column_Reflectance_Uncertainty 532| Float 32| NoUnits 0. 0é6TBI 1 4
Perpendicular_Column_Reflectance_ RMS_Variation | Float 32| NoUnits 0. 0é6TBI 1 4
Column_Integrated_Attenuated Backscatter 532 Float 32 srt 0.0é2. 1 4
Column_IAB_Cumulative_Probability Float 32| NoUnits 0.0é1. 1 4
Column_Optical_Depth_Cloud_532 Float 32| NoUnits 0. g0 1 4
Column_Optical_Depth_Cloud_Uncertainty 532 Float 32| NoUnits 0. 0é9vy . 1 4
Column_Optical_DepthTroposphericAerosols 532 Float 32| NoUnits 0. 0.6M3 1 4
ggIumn_OptlcaI_Dept_hTropospherlgAerosols_Uncertalnty_5 Float_32| NoUnits 0. 0699 1 4
Column_Optical_Depth_Stratospherkerosols 532 Float 32| NoUnits 0. 0.6M3 1 4
gzoIumn_OptlcaI_Depth_Stratosphe_rkerosolg Uncertainty_5 Float 32| NoUnits 0. 0699 . 1 4
Column_Optical_DepthTroposphericAerosols_1064 Float 32| NoUnits 0. @6 1 4
(C):gdlfumn_OptlcaI_DepthropospherlgAerosols_Uncertalnty_l Float 32| NoUnits 0. 06909 1 4
Column_Optical_Depth_Stratospherierosols 1064 Float 32| NoUnits 0. @6 1 4
(()Zglllumn_OptlcaI_Depth_Stratosphe_rkerosols_ Uncertainty_1 Float_32| NoUnits 0. 06909 1 4
Column_Feature_Fraction Float_32| NoUnits 0.0é1. 1 4
Tropopause_Height Float_32 km 4. 0622 1 4
Tropopause_Temperature Float_32 °C -1 00 .-20.6 1 4
IGBP_Surface_Type Int_8 NoUnits 1618 1 1
Snow_Ice Surface_Type Ulnt_8 NoUnits 0é255 1 1
DEM_Surface_Elevation Float_32 km 1. 0€é09. 4 16
Minimum_Laser_Energy 532 Float 32| joules 0.003¢é0 1 4
Normalization_Constant_Uncertainty Float_32| NoUnits 0.0¢é1 2 8
FeatureFinderQC Uint_16 | NoUnits 0é632, 7| 1 2
High_Resolution_Layers_Cleared Uint_16 | NoUnits 0é632, 7| 1 2
Calibration_Altitude 532 Float 32 km 0.0é40 2 8
Number_Layers Found Int_8 NoUnits 0é10 1 1
Record Size (bytes) 295

C) International Atomic Time (TAl) seconds from Jan. 1, 1993

D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff

M) Column optical depths will occasionally exceed the maximum value cited here. Users are advised that these especially
large values are numerical artifacts of the retrieval processjandt represent realistic, physically meaningful retrievals.
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V) Spacecraft_Position is a 3x3 array which includes the position for the three latitudes
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Table 58: Lidar 5 km Layer Descriptor Record:

Cloudsi Version 420

Data

Elem/

Parameter Units | Nominal Range Bytes
Type Rec
Layer Top_Altitude Float 32| km -0. 5630 10 40
Layer Base Altitude Float 32| km -0. 5630 10 40
Layer Base Extended Uint 16 |NoUnits| 0649, 14 10 20
Layer Top_ Pressure Float 32| hPa 1.0é 1,086.0 10 40
Midlayer Pressure Float 32| hPa 1.0é 1,086.0 10 40
Layer Base Pressure Float 32| hPa 1.0é 1,086.0 10 40
Layer Top Temperature Float 32| °C -1100é 6 M 10 40
Layer Centroid Temperature Float 32| °C -110. 0é| 10 40
Midlayer_Temperature Float 32| °C -1100é 6 M 10 40
Layer Base Temperature Float 32| °C -1100é 6 M 10 40
Opacity Flag Int 8 | NoUnits 0é1l 10 10
Horizontal Averaging Int 8 km 5é80 10 10
Single_Shot_Cloud_Cleared_Fraction Float_32| NoUnits 0.0é1. 10 40
Attenuated Scattering Ratio_Statistics_532 Float_32| NoUnits N/A 60 240
Attenuated Backscatter_ Statistics_532 Float 32| km@r? N/A 60 240
Integrated_Attenuated Backscatter 532 Float 32| srt 0.0é1. 10 40
Integrated_Attenuated Backscatter Uncertainty 532 Float 32| srt 0.0é0. 10 40
Attenuated_Backscatter Statistics 1064 Float 32| km@r? N/A 60 240
Integrated_ Attenuated_Backscatter 1064 Float 32| srt 0. 0é1.| 10 40
Integrated_Attenuated Backscatter _Uncertainty 1064 Float 32| srt 0.0é0. 10 40
Volume_Depolarization_Ratio_Statistics Float_32| NoUnits N/A 60 240
Integrated_Volume_Depolarization Ratio Float_32| NoUnits 0.0é1 10 40
Integrated_Volume_Depolarization_Ratio_Uncertainty Float_32| NoUnits 0. 0eé2 10 40
Attenuated _Total Color Ratio_Statistics Float_32| NoUnits N/A 60 240
Integrated_Attenuated_Total Color_Rdtio Float_32| NoUnits 0.0é2 10 40
Integrated_Attenuated_Total Color_Ratio_Uncertainty Float_32| NoUnits 0. 0é3 10 40
Overlying_Integrated_Attenuated Backscatter 532 Float 32| srt 0.0é2 10 40
Layer IAB_QA Factor Float_32| NoUnits 0.0é1. 10 40
Feature_Classification Flags Uint_16 | NoUnits 1é¢49, 1| 10 20
ExtinctionQC_ 532 Uint_16 | NoUnits 0ée32, 7 10 32
CAD_Score Int 8 |NoUnits| -1 0 1166 10 10
Initial CAD_Score Int 8 |NoUnits| -1 0 1149 10 10
Measured Two_Way Transmittance 532 Float_32| NoUnits 0.0é1. 10 40
Measured _Two_Way Transmittance Uncertainty 532 Float_32| NoUnits 0.0é1. 10 40
Two_Way Transmittance_Measurement_Region Float 32| km 0. 0é630| 20 80
Feature Optical Depth 532 Float_32| NoUnits 0. 0é5. 10 40
Feature_Optical Depth_Uncertainty 532 Float_32| NoUnits 0. 0é6TB| 10 40
Initial 532 Lidar Ratio Float 32 sr 19. 0é2! 10 40
Final 532 Lidar_Ratio Float 32 sr 0. 0é25| 10 40
Final 532 Lidar_Ratio_Uncertainty Float 32 sr 0. OBD 10 40
Lidar_Ratio 532 Selection_Method Int 8 | NoUnits 0. 0é5. 10 10
Layer Effective_532_Multiple Scattering_Factor Float_ 32| NoUnits 0.01é1| 10 40
Integrated_Particulate_Depolarization_Ratio Float_ 32| NoUnits 0.0é1. 10 40
Integrated_Particulate_Depolarization_Ratio_Uncertainty Float_ 32| NoUnits| 0. 0é€ 99| 10 40
Particulate_Depolarization_Ratio_Statistics Float_ 32| NoUnits N/A 60 240
Ice_ Water_ Path Float 32| g/m? 0. 0é620| 10 40
Ice_Water_Path_Uncertainty Float 32| g/m? 0. 0699 10 40
Record Size (bytes) 2,912

J) Referto Table84 for a detailed description of this parameter
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K) While zero is the physically meaningful lower limit, smadigative values may result due to noise in weak signals

L) Notes for depolarization and color ratio fields: Based solely on physical considerations, the expected range for the
integrated volume depolarization ratio is between 0 and 1. The range foafategttenuated total color ratio is less certain,

but should fall between 0 and 2. However, because these quantities are computed as the ratio of two noisy numbers, the
expected ranges might be exceeded for weakly scattering features or when the oattdgiragtion is high.
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Table 59: Lidar 5 km Column Descriptor Record: Aerosolsi Version 420

Parameter Data Units Nominal Range S/ Bytes
Type Rec

Profile_ID Int 32 | NoUnits | 1é 3, 153, 2 8
Latitude Float 32 deg -90. 0690 3 12
Longitude Float 32 deg -180. 0é1 3 12
Profile_Time& Float 64 sec 4. 204E8¢é1] 3 24
Profile UTC_Timé& Float 64| NoUnits | 6 0, 426 . 0 é 3 24
Day Night Flag Int 8 NoUnits 0é1l 1 1
Off Nadir_Angle Float 32 deg 0. ®6 1 4
Solar_Zenith_Angle Float 32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float 32 deg -180. 0é1 1 4
Scattering_Angle Float 32 deg 0.0é6180 1 4
Spacecraft_Position Float 64 km -8, 000. 0é| 9 72
Parallel_Column_Reflectance 532 Float 32| NoUnits 0.0é2 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float 32| NoUnits 0.0é6TBLO 1 4
Parallel_Column_Reflectance_ RMS_Variation 532 Float 32| NoUnits 0.0é6TBLO 1 4
Perpendicular_Column_Reflectance 532 Float 32| NoUnits 0. 0é2 1 4
Perpendicular_Column_Reflectance_Uncertainty 532 | Float 32| NoUnits 0.0é6TBLO 1 4
Perpendicular_Column_Reflectance. RMS_Variation § Float 32| NoUnits 0.0é6TBLO 1 4
Column_Integrated_Attenuated Backscatter 532 Float 32 srt 0. 0é2 1 4
Column_IAB_Cumulative_Probability Float 32| NoUnits 0.0é1 1 4
Column_Optical_Depth_Cloud_532 Float 32| NoUnits 0. @xQV 1 4
Column_Optical_Depth_Cloud_Uncertainty 532 Float 32| NoUnits 0. 06699 1 4
Column_Optical_DepthTroposphericAerosols 532 Float 32| NoUnits 0. 0é"3. (0 1 4
goIumn_OptlcaI_Dept_hTropospherlgAerosols_Uncertalnty_5 Float_32| NoUnits 0. 0699 1 4
Column_Optical_Depth_Stratospherferosols 532 Float 32| NoUnits 0. 0é"3. (0 1 4
goIumn_OptlcaI_Depth_Stratosphe_rkerosolg Uncertainty 53 Float 32| NoUnits 0. 0699, 1 4
Column_Optical DepthTroposphericAerosols 1064 Float 32| NoUnits 0.0eéM3. 09 1 4
g‘?Iumn_Opt|caI_DepthropospherlgAerosols_Uncertalnty_l Float 32| NoUnits 0. 0699 . 1 4
Column_Optical_Depth_Stratospherferosols 1064 Float_32| NoUnits 0. 06"3. 0 1 4
gAchIumn_Optlcal_Depth_Stratosphe_rAerosols_Uncertalnty_lo Float_32| NoUnits 0. 06909 1 4
Column_Feature_Fraction Float_32| NoUnits 0. 0é1. 1 4
Tropopause Height Float_32 km 4. 0622 1 4
Tropopause_Temperature Float_32 °C -100 .-20.8 1 4
IGBP_Surface Type Int_ 8 NoUnits 1618 1 1
Snow_Ice Surface_Type Uint_8 | NoUnits 0é255 1 1
DEM_Surface Elevation Float_32 km -1. 0é69. 4 16
Minimum_Laser_Energy 532 Float 32| joules 0.003¢€é0 1 4
Normalization_Constant_Uncertainty Float_32| NoUnits 0. 0é1. 2 8
Calibration_Altitude 532 Float 32 km 0.0é640. 2 8
FeatureFinderQC Uint_16 | NoUnits 0é32,76 1 2
High_Resolution_Layers_Cleared Uint_16 | NoUnits 0é32,76 1 2
Number_Layers Found Int 8 NoUnits 0és8 1 1
Surface_Wind_Speed Float_32| m@? 80. 0680 2 8

Record Size (bytes)

w
R

C) International Atomic Time (TAI) seconds from Jan. 1, 1993
D) TAI time converted to UTC time and stored in format: yymmdd.ffffffff
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M) Column optical depthsill occasionally exceed the maximum value cited here. Users are advised that these especially
large values are numerical artifacts of the retrieval process, and do not represent realistic, physically meaningful retrieva
V) Spacecraft_Position is a 3&Bray which includes the position for the three latitudes

Table 60: Lidar 5 km Layer Descriptor Record: Aerosolsi Version 420

Parameter Data Units | Nominal Range S/ Bytes
Type Rec

Layer Top_Altitude Float 32 km -0. 5630 8 32
Layer Base Altitude Float 32 km -0. 5630 8 32
Layer Base Extended Ulnt 16 | NoUnits 0é 49,146 8 10
Layer Top_ Pressure Float 32 hPa 1.0é 1,086.0 8 32
Midlayer Pressure Float 32 hPa 1.0é 1,086.0 8 32
Layer Base Pressure Float 32 hPa 1.0é 1,086.0 8 32
Layer Top_Temperature Float 32 °C -1100é6 6 @ 8 32
Midlayer_Temperature Float 32 °C -1100é6 6 @ 8 32
Layer Base Temperature Float 32 °C -1100é6 6 @ 8 32
Opacity Flag Int 8 NoUnits 0él 8 8
Horizontal Averaging Int_8 km 5é80 8 8
Attenuated Scattering Ratio_Statistics 532 Float 32 | NoUnits N/A 48 192
Attenuated_Backscatter_ Statistics_532 Float 32 | km'@r?! N/A 48 192
Integrated_Attenuated Backscatter 532 Float 32 srt 0.0é1. 8 32
Integrated_Attenuated Backscatter Uncertainty 532 Float 32 srt 0. 0é0. 8 32
Attenuated_Backscatter Statistics_1064 Float 32 | km'@r! N/A 48 192
Integrated_Attenuated Backscatter 1064 Float 32 srt 0.0é1. 8 32
Integrated_Attenuated Backscatter _Uncertainty 1064 Float 32 srt 0. 0é0. 8 32
Volume_Depolarization Ratio_Statistics Float 32 | NoUnits N/A 48 192
Integrated_Volume_Depolarization Ratio Float 32 | NoUnits 0.0é1. 8 32
Integrated_Volume_Depolarization_Ratio_Uncertainty Float 32 | NoUnits 0. 0é2. 8 32
Attenuated_Total Color_Ratio_Statistics Float 32 | NoUnits N/A 48 192
Integrated_Attenuated Total Color_Rdtio Float 32 | NoUnits 0. 0é2 8 32
Integrated_Attenuated Total Color Ratio_Uncertainty | Float 32 | NoUnits 0. 0é3 8 32
Overlying_Integrated_Attenuated Backscatter 532 Float 32 srt 0. 0é2. 8 32
Layer IAB_ QA Factor Float 32 | NoUnits 0. 0é1. 8 32
Feature Classification Flays Uint_16 NoUnits 1649, 1 8 16
ExtinctionQC_532 Uint_16 NoUnits 0 é32,768 8 32
ExtinctionQC_1064 Uint_16 NoUnits 0 é32,768 8 32
CAD_Score Int_8 NoUnits -1 0 1166 8 8
Measured_Two_Way Transmittance 532 Float 32 | NoUnits 0. 0é1 . 8 32
Measured_Two_Way Transmittance_Uncertainty 532 | Float 32 | NoUnits 0. 0é6TB| 8 32
Two_Way Transmittance Measurement_Region Float 32 km 0. 0630 16 64
Feature_Optical _Depth 532 Float 32 | NoUnits 0. 0é3. 8 32
Feature_Optical_Depth_Uncertainty 532 Float 32 | NoUnits 0. 0é6TB| 8 32
Initial 532 Lidar Ratio Float 32 Sr 20. 0é7| 8 32
Final 532 Lidar Ratio Float 32 sr 0.0é25 8 32
Final 532 Lidar_Ratio_Uncertainty Float 32 sr 0. OBD 10 40
Lidar_Ratio 532 Selection_Method Int_8 NoUnits 0é>b 8 8
Layer_ Effective_532_Multiple_Scattering_Factor Float 32 | NoUnits 1.0 8 32
Integrated_Particulate_Depolarization_Ratio Float 32 | NoUnits 0. 0é1. 8 32
Integrated_Particulate_Depolarization_Ratio_Uncertaintf Float 32 | NoUnits 0.0é699 8 32
Particulate_Depolarization_Ratio_Statistics Float 32 | NoUnits N/A 48 192
Feature_Optical_Depth_1064 Float 32 | NoUnits 0. 0é3. 8 32
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Parameter D) Units | Nominal Range L Bytes
Type Rec

Feature Optical_Depth_Uncertainty 1064 Float 32 | NoUnits 0. 0é6TB| 8 32
Initial_1064 Lidar_Ratio Float 32 sr 30.0¢é5 8 32
Final 1064 Lidar Ratio Float 32 Sr 0.0é25 8 32
Final 1064 Lidar Ratio_Uncertainty Float 32 Sr 0. OBD 10 40
Lidar_Ratio 1064 _Selection_Method Int_8 NoUnits 0é>5 8 8
Layer Effective 1064 Multiple Scattering_Factor Float 32 | NoUnits 1.0 8 32
Integrated_Particulate_Color_Ratio Float 32 | NoUnits 0. 0é4. 8 32
Integrated_Particulate_Color_Ratio_Uncertainty Float 32 | NoUnits 0.0é1. 8 32
Particulate Color Ratio Statistics Float 32 | NoUnits N/A 48 192
Relative_Humidity Float_32 | NoUnits 0. asé 8 32
Single_Shot_Cloud_Cleared_Fraction Float 32 | NoUnits 0.0é1. 8 32
Record Size (bytes) 2,770

J) Referto Table84 for a detailed description of this parameter

K) While zero is the physically meaningful lower limit, small negative values may be encountered due to noise in weak

signals

L) Notes for depolarization and color ratio fields: Based solely on physicsiderations, the expected range for the

integrated volume depolarization ratio is between 0 and 1. The range for integrated attenuated total color ratio is less
certain, but should fall between 0 and 2. However, because these quantities are contpatettia®f two noisy numbers,

the expected ranges might be exceeded for weakly scattering features or when the overlying attenuation is high.

Table 61. Lidar 5 km Column Descriptor Record: Merged i Version 420

Parameter Data Units Nominal Range Sl Bytes
Type Rec

Profile_ID Int 32 | NoUnits | 1é 3, 15 3, 2 8
Latitude Float 32 deg -90. 0690 3 12
Longitude Float 32 deg -180. 0é1 3 12
Profile_Time& Float_64 sec 4. 204E8¢é1] 3 24
Profile UTC_Timé& Float 64| NoUnits | 6 0, 426 . 0 é 3 24
Day Night Flag Int 8 NoUnits 0éel 1 1
Off Nadir_Angle Float 32 deg 0. ®6 1 4
Solar_Zenith_Angle Float_32 deg 0.0é6180 1 4
Solar_Azimuth_Angle Float_32 deg -180. 0é1 1 4
Scattering_Angle Float_32 deg 0.0é6180 1 4
Spacecraft_Positidn Float_64 km -8, 000. 0¢é| 9 72
Parallel_Column_Reflectance_ 532 Float_32| NoUnits 0. 0é2. 1 4
Parallel_Column_Reflectance_Uncertainty 532 Float_32| NoUnits 0.0é6TBLO 1 4
Parallel_Column_Reflectance_ RMS_Variation 532 Float_32| NoUnits 0.0é6TBLO 1 4
Perpendicular_Column_Reflectance 532 Float_32| NoUnits 0. 0é2. 1 4
Perpendicular_Column_Reflectance Uncertainty 532 | Float 32| NoUnits 0.0é6TBLO 1 4
Perpendicular_Column_Reflectance. RMS_Variation § Float 32| NoUnits 0.0é6TBLO 1 4
Column_Integrated_Attenuated_Backscatter 532 Float 32 srt 0. 0é2. 1 4
Column_IAB_Cumulative_Probability Float 32| NoUnits 0. 0é1. 1 4
Column_Optical_Depth_Cloud_532 Float 32| NoUnits 0. @xQV 1 4
Column_Optical_Depth_Cloud_Uncertainty 532 Float 32| NoUnits 0. 0é699. 1 4
Column_Optical_Depthl'roposphericAerosols 532 Float 32| NoUnits 0. 0é6"3. 0 1 4
Column_Optical_DepthTroposphericAerosols_Uncertainty 532 Float 32| NoUnits 0. 0é699. 1 4
Column_Optical_Depth_Stratospherierosols 532 Float 32| NoUnits 0. 0é"3. 0 1 4
Column_Optical_Depth_Stratospheterosols Uncertainty 532 Float 32| NoUnits 0. 0é699. 1 4
Column_Optical_Depthl'roposphericAerosols_1064 Float 32| NoUnits 0. 0é&"3. 0 1 4
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